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MADE OF CELLS d 0 


These stem cells from a human 


2 
fetus have real potential. 2 
They could become any one " 4 
of the many types of cells that z. z 


organize themselves to build 
and operate a body. 
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PEOPLE 


From the Arctic to the Amazon 
rainforest, from New York City 
to Tokyo, people may appear 

a little different, but those 
differences are superficial. 
Under the skin, our bodies look 
the same and work in identical 
ways. What is remarkable, 
though, is how adaptable we 
are. Thanks to their initiative 
and intelligence, people have 
adapted to a variety of lifestyles 
in contrasting locations. 





















Y INUIT 

Experts at survival in the cold of ice and 
snow, the Inuit have lived in northern 
Canada and Greenland for about 5,000 
years. Well-insulated by thick clothing, 
traditionally made from fur and hides, 
they travel across the ice on dogsleds or 
snowmobiles. The Inuit survive by fishing, 
catching whales, and hunting caribou. 































BEDOUIN » 
These desert people of North 
Africa and Arabia lead a 
nomadic existence, traveling 
from oasis to oasis, and living 
in tents. While many Bedouin 
have moved to cities, some 
continue the traditional 
lifestyle, wearing the clothing 
shown here to protect them 
from the intense heat. They 
use camels, animals that can 
survive for weeks without 
water, to transport goods for 
trade. They also depend on 
camels for hides, and for 
meat and milk. 






> 1s 


= 


= 


< CITY DWELLER 


Over three billion people live in cities, with millions more 
joining them annually. City dwellers depend on food and 
other resources being brought to them from outside. 
People come to cities to find opportunities and have 

a good lifestyle, enjoying the many facilities that cities 
offer. Cities can also be places of great poverty, where 
pollution and stress reduce life expectancy. 





















« SAN 
MER 


The hot, dry Kalahari Desert, which 
stretches across Botswana and Namibia 
EA om in southern Africa, is home to the San 
Y EUROP ooo an yihan people. The San are hunter-gathers who 
xarted win {oot En eo? lead a nomadic lifestyle, and have done 
carmina e East. iie for it, € Today" so for thousands of years. They forage 
he Mi ot fora9 n9 y cor? n ona much Y in one area of the desert for food and 
nuntind etde ws 2 duce fo ulations of water, living in temporary shelters, 
= fa pos w large 7 məl before moving on. The men hunt 
suro scale VO in eue nO > 
\ yop These 
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animals, vvhile the vvomen gather 
berries, nuts, and roots. 





Face protrudes 
like that of 
anape 











ANCESTORS 


In African forests, around seven million years ago, 
our apelike ancestors started to walk on two legs. 
Being upright, their hands could perform tasks, and 
they could spot predators from afar. Over millions 
of years, evolution equipped hominins (the human 
line) with bigger brains, the ability to harness fire, 
make tools, and develop culture. 


AUSTRALOPITHECUS AFARENSIS P 

This chimp-sized, ancient relative walked on two 
legs, although probably with hips and knees bent, 
rather than straight as we do. Australopithecus 
afarensis lived in East Africa between 3.9 and 2.9 
million years ago, occupying mixed woodlands and 
grasslands and feeding on leaves and roots. 



























< AUSTRALOPITHECUS AFRICANUS 

Between three and two million years ago, Australopithecus africanus 
lived in the open woodlands of southern Africa. They had a brain a bit 
bigger than a chimpss, lived in small groups, and fed on fruits, seeds, 
roots, insects, and, probably, small mammals, much as chimps do today. 
Although their jaws and teeth were bigger than a modern humans, 
they are much more similar to ours than to those of an ape. 


< HOMO HABILIS 

Around two-thirds our height, "handy man" 

(Homo habilis) lived in East Africa between 

2.5 and 1.6 million years ago, and had flatter 

faces and significantly bigger brains than (tiles elitm 

their ancestors. They were the first hominins allowed sweating 

to make and use tools, particularly stone to take place to 

flakes for cutting and scraping meat. They ate cool body 

much more meat, giving them a diet rich in 

As in chimps, the nutrients needed to fuel brain expansion. 

arms are longer 
than the legs 





HOMO ERGASTERP 
"Working man" (Homo 
ergaster) lived between 

two and 1.3 million years ago, and 

was probably the first hominin to 
leave Africa. They had lost the long arms and 
stoop of earlier hominins, had bigger brains, 
and were tall, slender, long-legged, and able 

to run fast and to migrate over long 

distances. They produced advanced, 
sophisticated stone tools such as the 
teardrop-shaped hand axes. 


Hands used to 
hold and make 
stone tools 








< HOMO ERECTUS 
"Upright man" (Homo 
erectus) lived between 
1.8 million and 50,000 years 
ago, and migrated from Africa, 
spreading across Asia. Smarter 
than earlier hominins, they 
built the first shelters, 
took to sea on rafts, and 












In subtropical Asia, they 


They also hunted in groups 
to kill larger animals. 







Body as upright 
and athletic as 
modern humans 








Prominent 
brow ridge 
overshadows 
eyes 


A HOMO NEANDERTHALENSIS 
The Neanderthals (Homo neanderthalensis) 
lived in Europe and central Asia between 
230,000 and 28,000 years ago. Their short, 
stocky build helped them to survive in 

a cold climate, and they were very strong. 
They had a tough existence, often suffering 
injuries as they hunted big prey, such 

as bison, using spears and stone axes. 
Neanderthals were the first hominins 

to bury their dead. 


> 
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harnessed fire to cook food. 


may have used bamboo to make 
spears or prod prey out of trees. 







Y HOMO HEIDELBERGENSIS 
Heidelberg man (Homo heidelbergensis) 
was taller and bigger-brained than Homo 
erectus, but still had big brow ridges and 

a flat forehead. Possibly a direct ancestor 

of both Neanderthals and modern humans, 

they lived in Asia, Africa, and— 

a first for hominins—Europe 
between 800,000 and 250,000 
years ago. They were not 
scavengers, but skilled hunters, 

who, after the kill, butchered 
deer, rhino, and other prey 
using stone tools. 















































This hominin used 
spears for hunting 


large prey 































Modern humans 
have a flat face 
and tall forehead 


HOMO SAPIENS » 
Modern humans (Homo 
sapiens), who evolved 
some 195,000 years ago 
in East Africa, had a more 
slender build and a bigger 
brain than earlier hominins. 
They left Africa around 
60,000 years ago and 
spread across the world. 
About 40,000 years ago, 
culture, tool use, hunting 
methods, and language 
suddenly developed much 
more rapidly. The invention 
of agriculture 10,000 years ago 
allowed humans to settle in cities. 










CELLS 


Imagine you could take a tiny sample of body tissue and look at 

it under a microscope. You would see that it was made up of tiny, 
living building blocks, called cells. In all, among the 100 trillion cells 
it takes to build a complete body, there are some 200 different types 
of cells, each with their own shape, size, and function. 


© RED BLOOD CELLS 

Found in their billions in your blood, these dimpled, 
disk-shaped cells differ from all other cells in one 
important way. Red blood cells have no nucleus. Instead, 
their insides are packed with a red-colored protein called 
hemoglobin that can pick up and release oxygen. That is 
why red blood cells are such excellent oxygen carriers. 


© FAT CELLS 

Also called adipose cells, these big, bulky cells are packed 
with droplets of energy-rich fat. Together, groups of fat cells 
form adipose tissue. As well as providing an energy store, 

a layer of adipose tissue under the skin insulates the body 
and reduces heat loss. It also forms a protective cushion 
around organs, such as the eyes and kidneys. 





O WHITE 
BLOOD CELL 
Without its white blood cells, 

the body would be unable to protect itself 
from pathogens, such as harmful bacteria, that 
cause disease. White blood cells, such as this 
lymphocyte, form a key part of the body's 
immune system. They patrol the bloodstream 
and tissues, ever ready to destroy invaders. 








@ CELL BASICS 
Although body cells come in many different 
shapes and sizes, they all share the same 
basic parts, as shown by this "typical" cell. 
The membrane controls what enters and 
leaves the cell. Floating in the cytoplasm are 
tiny structures called organelles. Inside the 
nucleus are the instructions that control 
all of the cell's activities. 


Cell membrane 
surrounds cell 










Cytoplasm 

(a jellylike liquid) 
fills area between 
membrane and 
nucleus 


Organelles perform 
range of life-giving roles, 
such as releasing energy 
and making proteins 


Nucleus controls 





cell workings 














O EPITHELIAL CELLS 
Inside the body, every tube (including blood vessels) 
and cavity (such as the stomach) is lined with tightly 
packed epithelial cells. Together, they form a sheet of 
epithelial tissue that covers and protects underlying 
cells. These pavement epithelial cells, which line the 





























© MUSCLE CELLS 
Running for a bus, pushing food along the 
intestines, and keeping the heart beating are 
all examples of body movements. All these 
movements are produced by long cells called 
muscle fibers. They have the unique ability to 
contract, or get shorter, to create pulling power. 
The long skeletal muscle fibers shown here are 
bound together in muscles that move our bodies. 


O NERVE CELLS 

Neurons, or nerve cells, produce and carry high-speed, 
electrical signals called nerve impulses. They make up the 
nervous system, a control network that uses those signals 
to coordinate most body activities, from thinking to 
walking. Each neuron consists of a nucleus-containing cell 
body (center) with many projections that either receive 
signals from, or transmit signals to, other neurons. 


@ OSTEOCYTES 

These spiky bone cells are tasked with maintaining the 
matrix of fibers and mineral salts that makes up the bulk 
of bones. Osteocytes live in isolation, each in its own 
cavity in the bone matrix. They remain in contact with 
each other, communicating through tiny "threads" that 
pass along the hairlike canals linking the cavities. 


cheeks, are broad and flat. 


© STEM CELLS 

Unlike the other cells described here, stem cells are 
unspecialized and have no specific job to do. They are, 
though, still vitally important. Stem cells constantly divide 
to produce more cells like themselves, some of which turn 
into specialized cells. In bone marrow, for example, stem 
cells make millions of blood cells every second to replace 
those that are worn out. 





© SEX CELLS 

One of these male sex cells (sperm) fuses with a female sex 
cell (egg) to produce a fertilized egg that develops into a 
new human being. Sperm seek out an egg by swimming 
toward it. A long tail propels the sperm, and a streamlined 
head contains half the instructions needed to make a baby. 
The remaining instructions are inside the egg. 











"ure3oud Mau e 

Pq o) “yNMuu ur suonən.nsul eui 
o) buipJoo2e “Á|əsi2ə1d dn way} 
eui| pue sppe OUIWe 1uəƏJəJjip OZ 
JO uonoejes e JƏAI|əp sə|n2ə|ouu 
YNY J9JSUEJ] '949H "Uuisejdo35 ay} 
o) snəjpnu ay} W014 seAouJ pue 
—auab euo— suononuijsui YNA JO 
UOID9S uoys e seido» (VNHUJ) YNY 
Jabuassay] SWOJ JUSISHIP ui SILO) 
pue “pues euo. Auo seu 1a110ys 
u»nui st nq "vNQ o) Je[Iuuts SI 
ə|n3ə|ouu (ppe 3iə|jənuoqu) YNY UY 


VNH Ə 


'VNH Jo qof eui 

sı 3eu | pardo) eq o) seu eus 

e 'uisejdo3A? əv) 0] suon»niisul 
J9JSUE41 0] 'snə|32nu əy} ui puno] 

SI VNG seəijəuA "use|do3/o silə? e 
ul ade|d sexe} uon»npoud üləşold 
"sul9301d 5»yi»eds ayew o1 pənbə 
—səuəb5—suonən.nsul pəpo? əy} 
Jo „5192|, 947 W104 səseq əsəu l 
"SƏSEQ payjed sje»iueu Jo səd/3 
Jnoy yo Sunsisuo? ,sbunj, Aq payu 
SpueJ1s OM} S}! “Əppe) peisi ‘Huo; 
e so|quuesaJ VNG JO ə|n3ə|ouu V 


VNG Ə 


pues YNG əuo 
Jo euoq»peg 


ul ni 








‘addy əəs ue» NOA s3INIANJIS pədeus-x aui 
w10} 0} [ds pue ue11ous Ady} apIAIp o) Jnoge SI 
[199.2 usym anq “bus pue Huo] a1e seuiosoujo4u» 
‘AJJEUON "İlə? əv) unu pue pilnq 0} pepeeu suon»nasul 

94140 eulos suie1uo? Fey} ə|n2ə|ouu VNQ Huo] Álan ‘aUO 
JO SISISUO) 9UJOSOUJOJU2 U2e3 je UI 9p—SauJosouJoJU» EZ 
JO S}as OM} suie1uoo lə? Apoq Ál3na 1noqe 3snf jo snajonu əul 


SIWOSOWOUHD O 


"əfqıssodur aq pynom 331] ^suro301d JNOYIM `əseəsrp 143g 

pue “uə3/xo Aired ^[10M Suonoeasx [eoruraup 1193 Iyeu “sjeo pring 
surtajoud ‘s8ury} 184310 Kueur Suoury “spre ourure ^sx2o[q SUTPTING 11947 
U103j SutajoJd payed so»uejsqns jo asues os1oA1p A[gurzeure ue ppmq o) 
suonən.nsur jo Áre1qi| e aptaoid souon pardo) aq pue j[osit Ádoo ue» 
yeu? (VNA) pr»? »reponuoqui&xoep pore» ə[nəoə]ouu epqe».reuro1 e VOY 
nq are səuə3 əsəu, `səuə3 000/ZZ euros ure1uoo PY} seurosouroqup OF 
ale əptsul əşuəə [033uoo. S} Se PIQLIIDSIP uo3jo SI fə? ? jo snaponu au] 


SNOILINALSNI d 





'peKouisep aq ue» fau1.0s suaboujed »yi»eds ajqesip pue o1uo yəns pue 
“uduu// pue poolq ul [^e 1eu1 sejn2sjouu Apoqnue Jo sassew 3no sunu» 
sıyı '10312ey uon»npoud Ápoqnue ue dn jas 01 6urA[dnnuu4e3s A[o1erpeuduul 
Kau} “sə342oudulu/I g pə||e2 silə? e»2usjep Aq pə12ə1əp ase susboujed 
buipeAur ueuM;suebouied Bulsned-aseasip Aq uon2ajur 1surebe Ápoq əy} 
buipuajep ‘waysks eunuuuul aui ur ə|o1 Zəy e Aejd sulajoid pedeus-A eseu 


SAIGOSILNV O 


‘uaddey ulsiloqeşəuu əyeul o) 

SUO1128Ə1 [e2IUJ8UD JO 9381 Əv) dn pəəds jeu} S1S//E352 
Je2160|oIq aie “Ələq ÜMOUS əselluo2e se uns 'seu/Ázu3 
'ejdissod aq pjnoM siu JO euou 'SIWÁZUS pə||e2 suie10Jd Jo 
dnoJ6 e 3nouM “ƏAƏMOH 'se»uejsqns Mau ping o) KÁ6eus 
asn JO ‘ABjaua əseə|ə1 01 sjanj UMOp »eaJq Jaya suonoesJ 
əsəu | Way} apisul Buiruəddeu—uusijoqe1əui se A[oAn23J[o2 
UMOU»|—SUOI2e3/ [e21IUI9U2 ay} Jo asnedaq IAE aie Silə? 


S3WAZN3 O 





'S|[22 9430 Aq peziubo»ai aq ue» ir1eui 

OS Ilə? 241 ÁAJl1luəpi SISAABUU seu DIENS s,||Ə3 

e woy p1ewano s3»efoud uləşold jo ed/Á puru; e 
'Á||But4 ‘pug ue» “Səuounou se uns 'siəBuəssəui 
JeED1WAYD U3IUA 0} S101d3221 se 35e 'eueJquueuJ 
34} JO Wed Jano Əy} ul ^sure1oud 19470 "İlə? eui 
ƏAPƏ) JO J91U8 ULI sə|n5ə|ouu Jeus yaıym YHnosUy 
S[puueup se pe pue eueJquueuJ əy} uBnouu) uni 
9WOS “Ula}0/d Jo səd/) JUBA Ip İEHƏAƏS surequo2 
[199 A4ƏAƏ spunouins 1eu) eueJquueuJ 4336) SUL 


à SNI3LOYd INVIININ O 


- 


i "uonənnsuoə Apog ui ajos Ady e Aejd Ady} 
pue 'sula30.1d [e4n32nJ3s pəfleə eje ‘sjeu pue 

Jley ur uneJe ure3oJd əv) YUM Buo|e ‘useja 
b. pue uebej[o» 4əuşə5ol »»eq e»unoq 
p pue u218J1s 0] 'UNS ƏY} ur }eU} se yans 
'enssin eAn»euuo» SAOİİE “ullse|ə 
pe|[e» 4eqy Jo ad} Asaqqns saou 
'"Jeuyouy ede Hues, Woy 
SaNSSI] oje»i[op B1OW JUIADIA 
pue ‘sanssi} aAneuuo» 

J9uo pue suopuə) 0} 

u16ueas pue 1uoddns 

9A^ID siəqu uebej[o5 

'sjequ uBno1 JO WO} 

əy} sexe1 uəbpilo? 

'Ápoq au} ul ure1oud 

UOWWOD 1sOUJ ƏU L 


N35VT1050 


‘ABsaua Aue aseajad 01 ajqe aq 

JOU p|noA Silə? ‘UBHAXO siu INOYUM 
"Apoq əy} ur iə? AJaAa 01 Way Ke» pue 
sə|nəə|ouu uə5/xo dn yəld sdno.16 away 
əsəu) 'sbun| eui ul 'uoui Burure1uo» dno46 
away ule1oJd-uou eym pəddinbə u»ee / 
‘SHUNQNS Inoy YUM Ure3oJd xəlduloə y » 
e SI uiqo|BouuəH 'sure1oJd 3410dsuem j t 
1ueuioduur }sow S,Ápoq ay} Jo:Əuo 
'uiqojbouueu ure1uo silə? poolq pay 


NIS015OW3H Ə 















ZAS 
A\\\\ WWW WWW 


"Q 









* 


MULTIPLICATION 


Each one of us started life as a fertilized egg. That 
single cell gave rise to the trillions of cells that make 
up the body by a process of multiplication called cell 
division, or mitosis. The nucleus of every cell contains 
23 pairs of threadlike chromosomes that hold the 
instructions for life. During mitosis, as shown here, 
chromosomes are duplicated and separated into two 
new identical cells. As well as enabling us to grow and 
develop, mitosis produces billions of new cells every 
day that are used to repair and maintain the body. 






< LINING UP 


next stage of mitosis. 





^ AEM "ha, 


The membrane surrounding Á 
the cell's nucleus disappears. At * 
the same time, a framework of tiny . 

fibers, called the spindle, appears in 
the cell's cytoplasm. The chromosomes 
line up across the equator, or center, of ~ 
the cell. The tips of spindle fibers attach - / 
themselves to the “waist” of each " / 
chromosome in readiness for the y 


Pole of cell .— 


























X-shaped 
chromosome 
mu. 
E 
“ 
s A PREPARATION 
ú Inside a cell nucleus, each 4. 


chromosome starts the cell 
division process by shortening, : 
thickening, and making a copy of itself. — 
The two copies, called chromatids, are ” 
held together at the “vvaist”to form an > 
X-shaped structure. Here, for simplicity's — 
sake, only two pairs of chromosomes are ` 
shown. One member of each pair came - 
originally from the mother (red), 
and one from the father (blue). 


Jost b 
A 4 SEPARATION 


It's now time for the two I 
identical chromatids that make = 
up each chromosome to part = 
company. The tiny structure that grips ` 
the chromatids together at the “waist” — - 
splits. The spindle fibers attached to ~ 
the chromosomes now start to get = 
shorter. As they do so, they pull 
"sister" chromatids apart from 
each other towards the ends, 
or poles, of the cell. 





































Nuclear 
membrane 3 





` 4 SPLITTING 


Once chromatids are 


^ separated at the poles of the 
Ñ š cell, they become chromosomes in 
b their ovvn right. No longer needed, the 


spindle is dismantled and disappears 
from view. A nuclear membrane appears 
o to enclose each set of chromosomes 
within its own nucleus. The cytoplasm 
of the original cell divides so that 
U = the offspring can separate. 


al 





Chromosomes in 
Ly new cell nucleus 


OFFSPRING > 
The cytoplasm has split 
completely to produce two 

offspring cells, the end product of 
mitosis. These cells are identical in 
every respect, and also identical to the 
parent cell that gave rise to them. They 
have exactly the same chromosomes in 
their nucleus and, therefore, exactly the 
same sets of instructions so that they 

will function as they should. 






< IMPORTANCE 
The process of mitosis is 
vitally important to produce an 
endless supply of new cells. For 
example, in the skin's epidermis or the 
lining of the small intestine, cells are 
constantly lost or damaged and 
need to be replaced. In red bone 
marrow inside bones, mitosis 
produces billions of new red blood 
cells as old ones wear out. 
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j c O Endocrine system Like the nervous system, the 
à endocrine system controls body activities. Its glands 
release chemical messengers, called hormones, into the 


I bloodstream. Hormones target tissues to change their 
A total of 12 systems work together to make the human body work. activities and control processes, such as growth. 


Each system consists of a collection of organs that cooperate to carry 

~ out a particular function or functions. For example, the organs making 
up the digestive system dismantle complex molecules in food to release ^ o skeletal EE .-..-. 1” 
usable substances, such as glucose or amino acids, that are utilized by and ligaments supports the body. Flexible "siis Berean 
body cells to supply energy or build structures. bones allow the body to move when muscles anchored to 


those bones pull them. The skeleton also protects delicate 
organs, such as the brain, and makes blood cells. 





O Circulatory system The heart, blood, and O Digestive system This long canal, 

blood vessels make up the circulatory or including the stomach and intestines, 

cardiovascular system. Its primary role is to extends from the mouth to the anus. O Reproductive system The only system that differs 
pump blood around the body to supply cells It breaks down food to release essential between males and females, the reproductive system 
with oxygen, food, and other essentials, and nutrients that are absorbed into the enables humans to reproduce to create children who will 
to remove wastes. bloodstream, and disposes of any waste. succeed them when they die. Male and female systems 


each produce sex cells that fuse to create a baby. 
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Female 











© Lymphatic system Blood flowing through the 
tissues leaves excess fluid around tissue cells. This 
fluid, called lymph, is drained by lymph vessels 
and returned to the bloodstream. Lymph vessels 
and nodes make up the lymphatic system. 


Q Integumentary system Consisting of the 

skin, hair, and nails, this system covers the body, 
preventing the entry of germs and loss of water. 
It also intercepts harmful rays in sunlight, controls 
body temperature, and acts as a sense organ. 


O Muscular system The skeletal muscles that 
cover, and are attached to, the skeleton, create 
pulling forces that enable us to move. Other 
types of muscles inside the body push food 
along the intestine and make the heart beat. 
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© Nervous system The body's primary control 
system, the nervous system uses electrical 
signals for messages. At its core are the brain 
and spinal cord. These receive, process, and 
send information along nerves. 
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® Respiratory system Energy is essential for the 
body and its cells to stay alive. Eating provides 
energy-rich food. The respiratory system—the 
airways and lungs—gets oxygen into the body 
to "burn" these foods to release energy. 


Q Urinary system The urinary system removes 
excess water and wastes from the blood. The 
kidneys filter blood, mixing water and wastes to 
make urine, a liquid that is stored in the bladder 
and then expelled from the body. 


© Immune system This is a lymphocyte, one 

of the cells that make up the immune system, 
which destroys harmful bacteria and viruses. 
Immune system cells are found in the circulatory 
and lymphatic systems, and in other tissues. 








LIVING IMAGES 


In the past the only way to look inside the living body was to cut it 
open. In 1895, X rays were discovered, providing a way of imaging 
the body's insides from the outside. Today, doctors have access to 
many imaging techniques that help them to diagnose disease so 
they can start treatment quickly. Many techniques use computers 
to produce clear, precise images of not just bones—as early X rays 
did—but of soft tissues and organs as well. 














@ X RAYS 
By projecting this high-energy radiation through the 

body onto a photographic film, a shadow image, or 
X ray, is produced. Denser tissues, such as bone, absorb 
X rays and appear pale, while softer tissues appear 

darker. In this X ray, a substance that absorbs X rays 
has been introduced into the large intestine to make 
it visible. The red color is false. 


© ECHOCARDIOGRAM 
Doctors who specialize in the heart and 
circulatory system use echocardiograms to help 
them diagnose possible problems. The technique 
uses ultrasound to create two-dimensional 
slices through the beating heart. These reveal 
how good the heart is at pumping blood, and 
whether its chambers and valves are abnormal. 
They also trace blood flow through the heart. 


© ENDOSCOPY 

This shows the inside of a healthy stomach as revealed by 
a flexible viewing tube called an endoscope. It is inserted 
through a natural opening—the mouth, in this case—or 
through an incision in the skin. The endoscope contains 
optical fibers that carry in light to illuminate the scene, 
and carry out images that can be seen on screen. 


© ANGIOGRAM 

In this special type of X ray, an opaque dye is injected into 
the bloodstream. The dye absorbs X rays, which means the 
resulting angiogram shows the outlines of blood vessels, 
and can detect any disease or damage. In this angiogram, 
you can see the left and right coronary arteries that supply 
the heart's muscular wall with oxygen and food. 


O CT SCAN 


the upper body. 





A Computed Tomography (CT) scanner rotates 
around a person sending beams of X rays through 
the body and into a detector linked to a computer. 
This produces images in the form of “slices” though 
the body that can be built up into 3-D images, like 
this one, showing the bones and blood vessels of 
















O MRI SCAN 

Magnetic Resonance Imaging (MRI) produces 
high-quality images of soft tissues, such as this 
section through the brain. A person lying inside a 
tunnellike MRI scanner is exposed to a powerful 
magnetic field that causes atoms inside the body 
to line up and release radio signals. These are 
analyzed by a computer to create images. 


@ MRA SCAN 
This image of the major blood vessels 
of the chest was produced using 
Magnetic Resonance Angiography 
(MRA) scanning. This is a type of 
MRI scan used by doctors to look 
for damaged or diseased blood 
vessels. Often a special dye is 
injected into blood vessels to 
make them even clearer. 





© MEG 

A magnetoencephalography 

(MEG) scan detects magnetic fields, 
produced by electrical activity of cells 
in the brain, and converts them into 
images like this one. This MEG scan 
shows, as it is happening, the part of 
the left side of the brain (pink/white) 
that is sending instructions to muscles 
to move the right index finger. 


© RADIONUCLIDE 

This imaging technique involves injecting a 
radioactive substance, called a radionuclide, 
into a body, where it is taken up by bones, 
in this case the ankles and feet. Here, the 
radionuclide gives off gamma rays that are 
detected by a special camera, which 
converts them into color-coded 

images. These indicate where 

cells are most active and, 

possibly, abnormal. 


O PET SCAN 

Positron Emission 

Tomography (PET) scans reveal 

which parts of the brain are 

active. When a person is given 

some special radioactive glucose, 
brain cells use it to supply energy, 
releasing particles that are detected by 
the scanner. This creates an image that is 
color-coded to show which brain areas 
are most active. 


® ULTRASOUND 

This image shows a 

3-D image of a fetus inside its 
mother. It was produced using 
high-pitched sound waves called 
ultrasound. Beamed into the 
body, they bounce off the fetus' 
tissues, creating echoes that are 
turned into images by a computer. 
The method is very safe because 
it does not use radiation. 
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HAIR 


We may not have the luxuriant fur of our mammal relatives, but our skin 
is still covered with millions of hairs. Most of those on the body are short, 
fine vellus hairs that, when tweaked by visiting insects, warn us that we 
might be bitten or stung. Thicker, longer terminal hairs are found on the 
head, eyebrows, and eyelashes. Head hair is protective and also forms an 
important part of our appearance. Eyebrows and eyelashes both help to 
protect the eyes. In men, terminal hairs also grow on the face and chest. 




















« FLEXIBLE FILAMENTS 

Hair grows from just about every part of the 
skin apart from the lips, palms, soles, and nipples. = 
Each hair is a bendy filament of dead, flattened 
cells arranged in layers around a central core. The 
outermost layer, the cuticle (left), consists of cells 
that overlap like tiles on a roof. The shaft is the 
section of a hair that is visible above 

the skin's surface. The hair's root lies 

invisible below the skin's surface. 




























Y HAIR CUT GROWING HAIRS Y 
This microscopic view of the skin on a man’s face Each of the hairs on your body grows from a 
shows beard hairs that have been cut by a razor during follicle, a narrow pit deep in the skin's surface. 
shaving, but have continued to grow from their follicles. Living cells at the bottom of the follicle divide 
The cells packing the shafts of the beard hairs are dead, constantly to make a new hair and push it toward 
so having a shave is painless—unless the skin is cut! the surface. As the cells move upward, they die 
The same is true of getting a hair cut to control, shape, because they fill up with 
and even to show off the hair on your head. keratin, a protein that 


makes the hair tough and Hair follicle 


durable. Sebaceous 
glands release oily im 
sebum into the hair 
follicles to soften and 
lubricate the hairs. 
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« HEAD OF HAIR 
More than 100,000 long, 
! terminal hairs grow from 
the scalp, the skin that 
covers the dome of the 


for several years, at a rate 


month. It then rests before 
being pushed out from 

its follicle by a new hair. 
Around 100 scalp hairs 
are lost and replaced each 
day. Head hair helps keep 
the head warm and also 
protects the scalp from 
harmful ultraviolet rays 

in sunlight. 




























Stra; 
traigh thaj, 


May hair 





head. Each head hair grows 


of about 0.4 in (10 mm) per 


A HAIR COLOR 
Your hair is colored by a pigment called melanin, 
which comes in four versions—yellow, rust-colored, 
brown, and black. The version or versions of melanin 
you have, and the amounts of each, determine 
whether you have blond, red, brown, or black hair. 
As people age, melanin production decreases, and 
their hair gradually turns gray. 





A GOING BALD 

By their 30s, more than a quarter of men have started to go bald. Called 
male pattern baldness, this loss of hair happens because hair growth in 
follicles is affected by male sex hormones. Scalp hairs become short and 
fine, growing for just weeks, before falling out. Over several years, hair 

is lost first from the temples and then from the top of the head. 


< STRAIGHT, WAVY, OR CURLY? 

Whether your hair is straight, wavy, or curly depends on the 
shape of your scalp hairs. In cross section, the shaft of straight 
hair is round, that of wavy hair is oval, while a curly hair shaft is 
flat. This, in turn, depends on whether the hair is growing from 

a follicle that is round, oval, or flat in section because the follicle's 
shape “molds” that of the shaft. In addition, fine hairs grow 
from narrow follicles, while coarse hairs grow from wide ones. 


PASSENGERS 


Unknowingly we are carrying on our skin a variety of, 
mainly microscopic, passengers. Most are parasites that 
feed on our skin cells, secretions, or blood. Everyone, 
without exception, has billions of bacteria on their skin. 
Many of us are home to tiny eyelash mites, distant 
cousins of spiders. Less common are other types of mites 
and their relatives, the ticks. Children often become 
infected with small insects called head lice. Another 
blood-feeding insect, the human flea, is much rarer. 
Other hangers-on include fungi and leeches. 





@ BACTERIA 

Billions of bacteria live on the skin's surface, especially in darker, damper 
places, such as armpits. These bacteria are generally harmless, unless the skin 
is cut and they get inside the body. Staphylococcus aureus (shown here) is 
found on the skin and can multiply inside hair follicles and cause spots. 


© EYELASH MITES 

Most people, especially those who are older, have these harmless, 
sausage-shaped mites. Eyelash mites squeeze their long body, head 
downward, into the hair follicles from which eyelashes grow. Here, they feed 
on dead skin cells and oily secretions so efficiently that they do not produce 
any droppings. Mites may emerge at night, though, and take a walk around. 


© FUNGI 
Athlete's foot, an itchy flaking of skin between the toes, is a common 
complaint. So is ringworm, which causes irritating patches on the skin. 
Both are caused by fungi, which consist of long filaments that feed on skin 
cells. They produce fruiting bodies (the cylindrical shapes 
shown here) that release spores to spread the fungi. 











O LEECHES 

These freshwater relatives of earthworms are expert bloodsuckers. 
Leeches clamp onto the skin using a powerful sucker surrounding 

the mouth. Three bladelike jaws then slice painlessly through the skin. 
Blood is pumped into the leech's body, aided by anticlotting chemicals 
in its saliva that keep blood flowing freely. 


© FLEAS 

A human flea has sharp mouthparts to pierce the skin and suck blood, 

a process that causes itching. Once they have fed, these tiny insects do 

not hang around. Unable to fly, they use their powerful hind legs to jump 
from person to person, a leap equivalent to us vaulting over a tall building. 


O HEAD LICE 

Gripping a head hair with its curved claws, this head louse is unlikely to 

be combed or washed away. Neither are its eggs, called nits, that are firmly 
“glued” onto hair shafts. To feed, head lice descend onto the scalp, pierce 
the skin, and suck blood. The vvingless insects spread easily betvveen 
children when their heads touch. 


O CHIGGERS 

The eight-legged, plant-feeding harvest mite is harmless, but this chigger, 
its microscopic six-legged larva, can be a real pest. Picked up by people 
walking through long grass, chiggers push their heads into hair follicles 
in the skin. Here, they release a fluid that turns skin cells into a liquid food 
that can be sucked up. This causes lots of itchy red pimples on the skin. 


O SCABIES MITES 

Also known as itch mites, these tiny scabies mites are pictured here 

in human skin. After mating, female mites burrow into the skin where 
they lay eggs that hatch into larval mites which pass easily from person 
to person. The presence in the skin of burrows, larvae, saliva, and 
droppings produces an unbearable itching called scabies. 


O TICK 

Bloated with blood, this tick has just detached itself from its host to digest 
its meal. Ticks pierce the skin of humans, and other animals, using special 
mouthparts that hold them in place for days. Firmly attached, the tick 
swells enormously as it sucks blood. 














LIFE STORY 


Every person, provided they have a normal lifespan, follows the 
same sequence of mental and physical changes from infancy to old 
age. Our life story includes rapid development and learning as an 
infant and child. Then, the great changes of adolescence during 
the teenage years, when we switch from being children to adults. 
As adults, we mature before starting to age and "slow down." 


O INFANT 

During the first year of life, infant humans 
grow rapidly in height and weight, 
although they are dependent on parents 
for care, food, and protection. As their 
muscles and bones grow, infants begin 

to grasp objects, chew, and crawl, and, by 
about 12 months old, start to walk. As their 
brains develop, infants understand simple 
commands and speak their first words. 


© CHILD 

Childhood extends from infancy to the 
early teens. Growth is more gradual than 

in infancy, but this is a time when new 
skills and knowledge are rapidly acquired. 
Children develop social skills, become 
more self-disciplined and able to 
understand others, learn how to speak 
fluently and to read and write, and develop 
the ability to run and play games. 


© TEENAGER 

Adolescence is a time when the body, 
behavior, and emotions change 
dramatically. Most obvious are the physical 
changes, called puberty. These changes 
are triggered by hormones and start in 
girls between 10 and 12, and in boys 
between 12 and 14. Girls grow rapidly 
and develop a womanly shape. Boys 
also have a growth spurt and become 
broader and more muscular. 


© YOUNG ADULT 

The 20s and 30s mark a time in the life 
story when the body is fully developed 
and people reach peak fitness and health. 
Young adulthood is also when we achieve 
real independence for the first time, can 
travel and make friends, but also have to 
take career decisions and make a living. It 
is also a time of peak fertility when people 
often form relationships and start families. 





© MIDDLE AGE 

In the 40s and 50s, the body is mature but 
working well, especially if regular exercise 
started in young adulthood is maintained. 
However, the first signs of aging are 
starting to appear. The ability to think and 
reason has reached its peak, and years 

of experience have given individuals the 
wisdom to make decisions. Children are 
growing up and are ready to leave home. 


© OLD AGE 

From the early 60s onward, the signs 

of aging become obvious. Vision and 
hearing are less efficient, the skin becomes 
less elastic and wrinkles, and hair thins and 
turns gray. Joints may be stiffer and bones 
can become brittle and more likely to 
break. People are more prone to diseases 
such as cancers and heart problems. 
However, many effects of aging can be 
lessened by a balanced diet and exercise. 





































L “ .. 


| T 
Ill a >> 








Y FEMALE REPRODUCTIVE SYSTEM 
R = p R O D U ( T | O Nİ Inside a woman's body, the two primary sex organs, the 
ovaries, are each linked by a fallopian tube to the uterus. 


At its lower end, the uterus opens to the outside through 
Whatever our external appearance and differences, the vagina. Each month, one ovary releases an ovum that 


our bodies are all constructed in exactly the same way. travels along the fallopian tube and, if fertilized by a sperm, 
The only exceptions are our reproductive systems that settles in the lining of the uterus and develops into a baby. 
divide us into two groups—male and female. Both systems At birth, the baby is pushed out IONE) Ne EOE 
produce sex cells that enable adults to produce offspring 
that will replace us as we age and die at the end of our 
natural life span. The male system makes sex cells called 
sperm, while the female system 
produces ova (one is called an 
ovum). When sperm and ova 
meet, they fuse to produce 

a new human being. 


Uterus protects 
and nourishes the 
developing baby 









Fallopian tube carries 
⁄QLUA egg to uterus 





Ovary contains ova 
at various stages 
of maturation 








Ductus deferens 
carries sperm to 
the penis 







Cervix is a narrow 
opening that leads 
into the uterus 


Vagina receives sperm and 
is also the canal through 
which a baby is born 


Urethra, in the penis, 
also carries urine from 
the bladder 


< MALE REPRODUCTIVE SYSTEM 

A man’s primary sex organs, the two testes, make sperm. 
Sperm production works best at just below normal body 
temperature, so the testes hang outside the body where 
it's cooler. A long, curving tube, called the ductus deferens, 
links each testis to the urethra, which runs along the penis 
to its tip. During sexual intercourse, the ductus deferens 
delivers sperm to the urethra. The man’s penis then 
releases sperm from its tip into his partner's vagina. 


Testes produce 
nearly 3,000 sperm 
per second 











< OVARIES 
When a girl is born, her ovaries contain a lifetime's supply 


Fino bras of thousands of immature ova. After puberty, several 


surround ovary | ova mature each month, but just one bursts out of 
and transfer ova j the ovary and is carried to the uterus. At the same 
to fallopian tube I k. I time, the lining of the uterus thickens to receive 


the ovum should it be fertilized by a sperm. 
Usually that doesn't happen, and the blood-rich 
lining is shed through the vagina during a period. 











Epididymis 
stores sperm 





Fallopian tube 


Efferent duct 


TESTES» 
Inside a testis, sperm are made within 
tiny, coiled tubes, called seminiferous 
tubules, that, if unraveled, would 
extend over 1,650 ft (500 m). 
From puberty onward, around 
250 million sperm are produced here 


v MALE SEX CELLS each day. Immature sperm then pass 
Once the male reproductive system along efferent ducts into the epididymis. 

is “switched on” at puberty, its testes Here, they are stored for three weeks while 
produce sperm. Sperm, like ova, are they mature and start to move. They are 
produced by a type of cell division then pushed into the ductus deferens. 


called meiosis. This makes cells that 
have 23 chromosomes, half the normal 
number. As a result, when a sperm 
meets an ovum at fertilization, they 
combine their 23 chromosomes to 
restore the normal complement of 46. 





Seminiferous tubules 
within testes 





Long, whiplike 
tail enables 
sperm to swim 


4 FEMALE SEX CELLS 
Ova, or eggs, are the female sex cells. 
Unlike sperm that are released in their 
millions, ova are released singly each month 
between puberty, in the early teens, and the 
menopause. This is the time when a woman 
can no longer become pregnant, normally in 
her early fifties. Ova are big cells that cannot, 
like sperm, move actively. Like sperm, however, 
they contain just 23 chromosomes. 






Ovum, the body's 
widest cell, is 0.004 in 
(0.1 mm) across 






























FERTILIZATION 


In order to make a new human life, a sperm stored within head 


must fuse with an ovum. This action, called of sperm 

fertilization, creates a fertilized egg with a Se 
lon 

full complement of chromosomes—half from sperm 


released 


the father and half from the mother. Within 
days a tiny sphere of cells derived from that 
fertilized egg has arrived and implanted in 
the uterus, where it will develop and grow 
into a baby. This first part of pregnancy, 
which begins with fertilization and ends 
with implantation, is called conception. 


10,000 
sperm 
enter the 
uterus 


O SPERM 

These streamlined male sex cells are perfectly 
adapted to their role of carrying genetic information. 
Each sperm has a flattened head, a neck (pink), and 
a long flagellum, or tail. The head carries a payload 
of 23 chromosomes, the tail beats from side to side 
to push the sperm through the female reproductive 
system towards an ovum, and the neck generates 
the energy to power the tail. 


Up to 
9 OVUM . 
Also called an egg, the ovum is spherical, much VEN, 


larger than a sperm, and cannot move on its own. 
It is surrounded by a zona pellucida, a thick layer 
outside its cell membrane. The nucleus of the 
ovum, like the head of the sperm, contains 

23 chromosomes. Once released from an ovary, 
an ovum must be fertilized within 24 hours. 


Half the 
Sperm enter 


O FALLOPIAN TUBE the correct 
This narrow tube receives the ovum after it tube 
has been released from the ovary and carries 
it towards the uterus. Hairlike cilia (green) in 
the lining of the fallopian tube waft the ovum 
in the right direction. The fallopian tube is 
also the location for fertilization. Sperm swim 
along the tube from the uterus and if they 
meet an ovum fertilization will take place. 


O FERTLIZATION 

Few sperm survive the journey through the SF K : a 

uterus to a fallopian tube. If these survivors "e le Ë L^ / b A few 
encounter an ovum, they cluster around it, ə” İ UR R hundred 


Sperm reach 


releasing enzymes to penetrate the ovum's E 


outer layers. Eventually, a single sperm 
succeeds, loses its tail, and its head fuses 
with the ovum's nucleus. Once fertilization 
has happened, no further sperm can 
penetrate the ovum. 


34 " 


One ovum 
releaseg 
every 28 

days 
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QUICK THINKING 

Brain cells relay the high- 
speed messages that control 
all our actions. Theseinclude 
directing the muscles that 
move our skeleton, and giving 
us sensations,öf the world 
areund us. 
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@ BONE STRUCTURE 

This cutaway view of a long bone, such as the 

humerus, reveals its structure. Long bones These living organs consist of a matrix of collagen fibers, which produce 
have a shaft (diaphysis) and two broader ends strength and slight springiness, and mineral salts, particularly calcium 


i piphpsesk Ratones vt Ofer bones. phosphate, which give hardness. This matrix is made and maintained by 
Beneath an outer layer of compact bone is a 


bone cells. Bones are both strong and light because denser, heavier bone 
layer of lighter, spongy bone. A central cavity í à à E à 4 [uc Í 
is filled with bone marrow, while the bone is tissue is found only on their outsides, with lighter, spongy bone inside. As 
covered by a membrane (periosteum). well as supporting the body, bones also make blood cells and store calcium. 






















Blood vessels 
© COMPACT BONE Spongy bone 
Dense, compact bone is constructed from 
weight-bearing “pillar” units called osteons— 
shown here as if sliced through the middle— 


that run in parallel along the length of a bone. 2 = 
Each osteon consists of concentric tubes of o DAT tu 
matrix, a structure that makes it really hard ! A 
and strong. A central canal carries blood |J es 
vessels that supply bone cells. : ur. 
M < zi 2 A 


© OSTEOCYTES 
These spiky bone cells are located in 
individual spaces in the bone matrix. 

They help to keep the bone in good shape. 
Osteocytes communicate with each other, 
and with the bone's blood supply, through 
tiny processes that pass along narrow 
canals. This allows the cells to obtain 

food and oxygen, and to get rid 
of waste. 













Compact bone 


O SPONGY BONE 
Also called cancellous bone, spongy bone is found 
beneath the layer of compact bone. İt consists of a netvvork 
of bony struts, and the spaces betvveen the struts are 
r usually filled with bone marrow. This honeycomb 






Weight-bearing struts 3 
are separated by £ 
a maze of spaces — "S N 
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structure makes spongy bone much lighter than 
compact bone, but it is still very strong. 


© BONE MARROW 

This is red bone marrow, a soft tissue found mainly inside flat 
bones, such as the shoulder blades and ribs. It produces billions 
of red and white blood cells (shown in red and blue) daily to 
replace those that have worn out. Yellow bone marrow, found 
mainly in the central cavity of long bones, stores fat. 


Epiphysis (expanded 
head of bone) 





Diaphysis i : 
(shaft of bone) f H 









Periosteum 


© OSTEOBLASTS 

This bone-building osteoblast (pink) is laying down 
bone matrix. Osteoblasts make bones grow during 
childhood. In adults, they work with bone-breaking 
osteoclasts to constantly reshape bones in response 
to wear and tear in order to make them as strong as 
possible. Eventually, osteoblasts become isolated 
within matrix and turn into osteocytes. 


Osteon 





Bone marrow 


@ OSTEOCLASTS 
These giant cells (pink) have the opposite effect o 
to osteoblasts. They break down bone matrix by 

digging away at its surface. As osteoclasts 

work, they release calcium— essential 

for normal nerve and muscle 
action—into the blood, while 
osteoblasts return it to store 
in bone matrix. This 
balancing act serves 

to control calcium 

levels in the blood. 



























© BROKEN BONES 
Although bones are strong, they 
sometimes break or fracture if put under 
extreme pressure. Broken bones repair 
themselves, but the bone ends need to 
be lined up to ensure they stay together 
in the right position and do not move 
until healing is completed. This may 
involve immobilizing a body part with 
a cast, as shown here. Alternatively, 
pins or plates may be used to 

hold bones together. 
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Y CRANIAL BONES 
Eight cranial bones construct the cranium, the thin but remarkably strong domed 
part of the skull that supports and surrounds the brain. The frontal bone forms the 
cranium's front, the two parietal bones its side and roof, the two temporal bones 
the sides, the occipital bone its rear and base, the sphenoid part of its 

floor, and the ethmoid bone part of the nasal cavity. 














Right parietal 
bone 
















Left parietal bone 


Left temporal bone >» 





Occipital bone 


Frontal bone 0, 






Right temporal 
bone _ 


b. 






Right zygomatic 
bone 











ees 
Sphenoid Left inferior 


concha 





Right palatine bone 


> FACIAL BONES 

The 14 facial bones shape 

the face. They also house 

and protect the eyes, nose, 

and tongue; anchor the 
muscles that produce facial 
expressions; and secure the 
teeth. These bones include 

two zygomatic or cheek bones; 
the palatine, nasal, and lacrimal 
bones (not shown here), inferior 
conchae, and single vomer bone 
that form the nasal cavity; and 
the mandible and twin maxillae 
(upper jaw bones). 


4 









Right nasal 
bone 


Vomer 


Right maxilla 


Mandible (lower jaw) 










* The human body can perform an incredible range 
of movements. That is only possible because the 

* skeleton has joints located wherever two or more 

' * bones meet. Most of the body's 400 joints are 

» e free-moving synovial joints that provide both 

» « flexibility and, by holding bones together, stability. 

ə s A few joints, such as those between skull bones, 

i 

J 

` 


a^ Are”, 


@ 9* * 9? 9" 9" 9 9 9 9 9 9 
uk.” 


are fixed, vvhile others, like those in the backbone, 
= allow limited movements. 


eee eee oe 
























b SYNOVIAL JOINTS 
Inside a typical synovial joint, each 
bone end is capped with, and protected by, glassy hyaline 
cartilage. Oily synovial fluid, which fills the space between — ”” 
the two bones; a SHE edltilages really slippery, so the. — ` = 
joint moves Rl, rias hardly any friction. eed. ue 
is made by a synovial membrane that lines the joint ca 4 
























The capsule holds the joint together and is o R 
reinforced by straplike ligaments. _ > I 2 = d ads 
: q , Ballshapedhead — 
* ~ “ee of one bone fits ` 
E é w. š - intocup-shaped =` 
“ x. £ ; socket of another _ 
> TYPES OF JOINT b uzan 


x one bone turns 
~ within hollow in 
another bone — 


There are six basic types of — 
synovial joint in your body— < 
pivot, ball-and-socket, hinge, 
plane, ellipsoidal, and saddle. 





They differ according to how s a 
` the bone ends fit together. — "d. CE 
= This controls the range of - x r - E 
— + movements allowed by each XE E 


+ joint type, as does how tightly — LE de x x 






= the bone ends are held together = 7 š e - UR ` md 

... >» "Uh “ As w < 

h.m VALLAR = Fm < ia ihe. — Pivot joint You can shake your head to: say- xə Ball-and-socket joint This is the most ` 

x E 9€] m "No' because. of a pivot joint. The backb Sa pos type of joint in the body. Found in the us 
orearm to move back and forth, QE , 

2 ` like a door opening or closin . 1 topmost vertebra swivels around a bony oulder, Be the humerus and shoulder 
ANE ball. re «uncis E əəə = > projection from the second vertebra to allow E a e, and the hip, between the femur and 

lo —— shoulder permits iə Wo = the head to turn. A pivot joint in theelbow © = - - pelvic gir e, the ball-and-socket joint allows — 
Añez see = =n” | _ lets the forearm rotate. “a e EA in moss directions. ET 
“ » ` - - a ə = ° Eu 2) 
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Y DISLOCATED JOINTS 

This X ray shows a dislocated joint in the little finger. Dislocation 
happens when a sudden wrench or blow forces bones out of line. 

It happens most commonly in finger joints, as here, and the shoulder 
joint. The joint capsule holding the bones together can be damaged 
by dislocation, causing pain and swelling. Doctors treat dislocated 
joints by moving bones back into their correct positions. 
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Bone endings fit 
together like a horse 
rider on a saddle 





© Hinge joint Found in the knee and 
elbow, and between finger and toe 


@ Plane joint While most joints either 6 Ellipsoidal joint Sometimes 


bones, hinge joints, as their name 
suggests, work like a door hinge to 
allow movement in just one direction. 
This enables a body part, such as the 
arm, to bend or straighten. 





rotate or hinge against each other, 
plane joints allow limited gliding 
movements from side to side. With 
their flat bone ends being held tightly 
together, they give limited flexibility 
to wrist and ankle bones. 


called a condyloid joint, the 

ellipsoidal joint allows bones 

to move from side to side or o 
backwards and forwards. These ! 

joints are found at the base of 

fingers and toes, and in the wrist. 


Curved end of one bone turns 
in cylindrical ending of another 





O Saddle joint Consisting 
of two U-shaped surfaces 
set at right angles, the 
saddle joint is located at 
the base of the thumb. 

It gives the thumb 
considerable mobility, 
allowing it to sweep across 


x : bb the palm and touch all of 
- 4 


the fingertips. 








Flat endings of bones 
slide over each other 






to ° - 





Oval ending of one bone zə 
moves in a cavity in the 
other bone's ending j " 


MUSCLES 


Without muscles, we would be unable to move. The cells, 
known as fibers, that make up muscles have the unique ability 
to contract and create a pulling force. There are three distinct 
types of muscles in the body—skeletal, smooth, and cardiac. 
Some 640 skeletal muscles, which help shape the body and 
make up some 40 percent of its mass, move and support the 
skeleton. Smooth muscle tissue is found in the walls of hollow 
organs such as the stomach. Cardiac muscle tissue produces 
the pumping action of the heart. 


` 
A 


m... 
> x Extensor digitorum 
* | straightens the fingers 


Triceps brachii 
straightens arm 
at the elbow 





- Deltoid raises arm 
away from the body 





Biceps brachii o 
bends arm at 
the elbow "i 


w pl 
External oblique ' X 


bends and twists u 
upper body 1 


Rectus abdominis bends 
upper body forward and 
pulls in abdominal wall 


© NAMING MUSCLES 

The Latin names given to skeletal muscles may seem complex, 

but they simply reflect features, such as the action, shape, size, 

or attachments of muscles. For example, extensors, such as the 
extensor digitorum, straighten joints. The deltoid (triangular) and 
trapezius (four-sided) are named for their shapes. The gluteus 
maximus—"maximus" means big—is the body's bulkiest muscle. 
And the biceps brachii—"biceps" means two heads—has two 
attachments connecting it through tendons to the shoulder blade. 










Pectoralis major pulls 
arm forward and 
into the body 





































© SKELETAL MUSCLES © SMOOTH MUSCLES © CARDIAC MUSCLES 


Also called voluntary muscles Among many other things, smooth muscles Found solely in the heart, cardiac 
because you decide to move them, push food along your intestines and squeeze muscles contract automatically 
skeletal muscles pull bones. Under urine out of your bladder. Smooth muscles are and tirelessly to pump blood. 
the microscope, the fibers that found particularly in the walls of hollow organs The fibers branch to form an 
make up skeletal muscles appear and are controlled, without you being aware, by interconnected network. Each 
stripy. That's because they are the body's autopilot—the autonomic nervous fiber contains masses of big 
packed with rodlike, striped system—and by hormones. Smooth muscles mitochondria (brown) that 
myofibrils that are lined up have short fibers with tapering ends. These provide the energy needed 

to give an overall stripy effect. fibers (pink) with large nuclei (yellow) from to keep it contracting without 
More importantly, they contain the uterus wall push out the baby during birth. a break. Between the 

the mechanism that makes mitochondria are myofibrils 


(green), which contain the 
filaments that interact 
to cause contraction. 


skeletal muscles contract. 










Trapezius pulls head and 
shoulders backward 





Erector spinae 
straightens the back 





Latissimus dorsi 
pulls arm downward, 
backward, and inward 









Gluteus 
maximus pulls 
the thigh 
backward 











© BODY BUILDING 
A female bodybuilder shows 
off her clearly defined muscles. 
Bodybuilders develop their 
physique through exercise 
and diet. They take exercise to 
extremes in order to cause the 

























"Hamstring" fibers in their skeletal muscles 
bends leg at to expand so that their muscles 
the knee 









become massively enlarged. 
They use a special diet that's 
high in protein to reduce their 
body fat so that their muscles 
stand out even more clearly. 


MOVEMENT 


These gym members are using their skeletal muscles to 
move their bodies. Muscles do this by contracting, or getting 


shorter, to pull the bones of the skeleton across joints. They 
contract when instructed to do so by signals from the brain 


and spinal cord. These signals trigger changes inside the 


muscle that convert stored 
energy to movement energy, 
creating a pulling power 
that is sufficient to 

produce movement. 


@ MUSCLE STRUCTURE 
Skeletal muscles have a highly ordered 
structure, as shown in this exploded 
view. A muscle is made up of bundles 
of long muscle fibers (cells). Each fiber 
is packed with rodlike myofibrils that 
contain arrays of overlapping thick and 
thin protein filaments. When a muscle 
contracts, the filaments interact, using 
energy to slide over each other to 
make it shorter. 





Fascicle (bundle 
of fibers) 





Thin filament 


Thick filament 





Ə MUSCLE FIBERS 
The fibers that make up 
skeletal muscles are well 
adapted to the job they do. 
Shown here in cross section, 
skeletal muscle fibers are 
cylindrical, can reach up 

to 12 in (30 cm) long, and 
run parallel to each other 
along a muscle. When 
muscle fibers contract 
together, they can generate 
the great pulling power 
needed to move bones. 





© — Biceps 








© — Biceps contracts 
relaxes 
o N : 
Achilles \ Triceps 
tendon 
contracts Triceps relaxes 
6 
= mı 
Í " 
. O ANTAGONISTIC MUSCLES 
Muscles perform work by contracting 
and pulling. When they relax and 
lengthen, they do so passively. As 
Muscle fiber Motor neuron terminal a consequence, moving a body part 
um”. in two directions requires muscles 
© NERVE-MUSCLE JUNCTION with opposite, or antagonistic, 
Skeletal muscles are also called voluntary muscles O TENDONS actions. In the arm, for example, the 
because we, via the nervous system, decide to These tough cords connect skeletal muscles to triceps brachii muscle in the back of 
make them contract. Nerves and muscles make bones. When muscles contract, tendons pull bones the upper arm contracts to straighten 
contact at nerve-muscle junctions. Motor neurons, so that they move at joints. Tendons are packed with the elbow, while the biceps brachii 
which carry instructions from the brain and spinal parallel bundles of strong collagen fibers that give muscle contracts to bend the elbow. 
cord, branch into terminals (green) that each form them tremendous tensile (pulling) strength. The 
a nerve-muscle junction with a muscle fiber (red). body's biggest tendon is the Achilles, or calcaneal, 
It is here that nerve impulses pass into the muscle tendon in the heel. It links the calf muscles, which 
fiber and make it contract. bend the foot downward, to the heel bone. 


E | 


ih 





MOVING FINGERS Y 
The fingers and thumb on each 
hand are made up of 14 bones, 


called phalanges—two in the 


thumb, and three in each finger. Our hands can perform a vast range of different roles, from those that 


There are 14 joints, known as are very powerful, such as lifting objects, to those that are extremely 
knuckles, in the fingers: nine hinge precise, such as painting. Such versatility is possible because the many 
joints between the phalanges bones that make up the hand create a flexible framework that is 









themselves, and five more freely 
moving ellipsoidal joints between 
the phalanges and the metacarpals, 
or palm bones. Together, these 
joints give the hand the re 
needed to perform its many tas 


moved by more than 30 muscles. Most of these muscles are in 
the forearm, attached to the'hand bones by long tendons. 





Fingers curl 
round to 
grasp objects 











Cloth held between 
thumb and fingers 






Index finger can be 
extended for pointing 











A DIFFERENT ACTIONS 
Thanks to the ra of its bony framework, the opposability of 
the thumb, and the many muscles controlling its movements, the 

human hand can perform lots of different actions. These range from 

the strength of a power grip, produced when the fingers and thumb 
are clasped tightly around an object, to a much more delicate 
precision grip such as threading a needle or holding a pen. 
























Extensor retinaculum 
wraps around wrist to 
hold tendons in place 






Tendons from muscles 
in the forearm pass 
through the wrist 































> BACK MUSCLES 
Muscles in the back of the 
forearm are mostly extensors that 
either straighten the wrist or the 
fingers or thumb. For example, 
the extensor digitorum pulls 
on the fingers to straighten 
them. The long tendons of 
these muscles, and those 
found in the front of the 
arm, are held in place, 
and prevented from 
bulging outward, by a 
fibrous "wristband" called a 
retinaculum. Smaller muscles 
working inside the hand 
include the dorsal interosseus 
that spreads the fingers. 









> FRONT MUSCLES 
Long tendons extend from muscles in the 

front of the forearm. Most of these muscles are 
flexors that bend either the wrist or the fingers 
or thumb. The flexor digitorum superficialis, for 
example, bends the fingers so they can grip. 
Muscles within the hand itself make 

its movements more precise. 














Flexor digiti 
minimi bends Abductor pollicis 
little finger brevis pulls thumb Tendon of extensor Dorsal 
out to the side digitorum interosseus 
Tendon of flexor ` 
digitorum " 
superficialis 























OPPOSABLE THUMB Y 
A key feature of the hand is its opposable 
thumb. Being opposable means that it can 
swing across the palm and bend and turn 
toward the fingers in such a way that its tip 
can touch the other fingers. 
This action, called opposition, =z 
enables the hand to grasp 
and pick up small objects. 
Opposition also creates the 
precision grip needed to, for == 
example, hold a paint brush. =>% 


A HAND BONES j 
The 27 bones in each hand are divided into three groups— 


= 
I 
= 
= 
carpals, metacarpals, and phalanges. There are eight carpals in => 
the wrist, and these allow limited movement and give the hand a 
= 
= 
=a 
= ñ 
= 


stability. The palm of the hand is made up of five long, straight 
metacarpals, and 14 phalanges form the fingers or digits. 
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BODY LANGUAGE 


Communication is vitally important for humans. As well as spoken language, 

we use body language to pass on a multitude of messages about our moods and 
intentions. Facial expressions convey six basic emotions—surprise, anger, disgust, 
happiness, fear, and sadness—and many more in between. The body’s position, 
posture, and gestures also show what we feel, whether we want them to or not. 


O SURPRISE 

This is a response to something unexpected or 
unknown. The frontalis muscle raises the eyebrows, 
which become strongly arched, and the forehead 
wrinkles. The eyes open wide, to take in more visual 
information, and the jaw drops. We use a variation 
of the surprise expression, called the eyebrow flash, 
to acknowledge people without talking to them. 


© DISGUST 

Maybe she smelled something bad or saw 
something unpleasant, but it's clear from this 
person's face that she is feeling disgust. The 
orbicularis oris muscle surrounding the mouth 
purses the lips, depressor anguli oris muscles pull 
the corners of the mouth downward, the eyes 
narrow, and the eyebrows come down. 





@ ANGER 

People usually get angry to confront a real or 
imagined threat. Muscles pull the eyebrows 
downward and produce wrinkles between them. 
Orbicularis oculi muscles make the eyes narrower to 
create a glaring expression, and the mouth opens 
wider to expose the teeth. The overall effect is to 
make the face bigger, distorted, and more scary. 


O HAPPINESS 

A broad smile is often the outvvard sign of 
happiness. Zygomaticus muscles pull the corners 
of the mouth upward. At the same time, the 
levator labii superioris muscles lift the top lip to 
expose the teeth. A real smile—as opposed to 
one that is faked—lifts the cheeks and causes 
wrinkles around the eyes. 























O FEAR 

This basic emotion is closely related to anger, but 

it causes us to shrink away from threats rather than 
to confront them. The frontalis muscle wrinkles the 
forehead as it lifts the eyebrows, and the eyes open 
wider. The lips are pulled taut and the lower lip is 
pulled downward by the depressor labii inferioris 
muscle. The face looks paler as blood drains from 
the skin and toward the muscles. 


@ POSTURE AND GESTURE 

We are often unaware of how we use our bodies 

to communicate our feelings to other people. Our 
posture—whether, for example, we angle ourselves 
toward or away from other people—says a lot about 
how we feel about them, as does how close we stand 
or sit to them. Gestures are important too, indicating 
whether we are being defensive, dishonest, 
dominant, submissive, or taking an interest. 


© FACIAL MUSCLES 

Our facial expressions are generated by more than 
30 small facial muscles. These are anchored at one 
end to the skull and to the skin of the face at the 
other end. Carefully controlled by signals from the 
brain, facial muscles work with great precision by 
tugging small areas of skin to express outwardly 
the way we feel inwardly. Some of the main facial 
muscles are shown here. 


© SADNESS 

It's clear to an outside observer when someone is 
feeling sad. The mouth is closed by the orbicularis 
oris muscle, and is turned down at the edges by the 
depressor anguli oris muscles. The eyebrows rise at 
their inner ends, while tears often well up in the eyes. 
A hand, or hands, supports the “heavy-feeling” head, 
and also helps to cover the face. 


Frontalis 
Orbicularis oculi 


Orbicularis oris 






Levator labii 
superioris Depressor 


anguli oris 





Zygomaticus 
muscles 
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IN CONTROL 


All the activities that keep 
the body alive are constantly 
controlled by the nervous 
system. It works 24 hours a 
day, collecting information 
about how body parts are 
working, and sending out 
instructions accordingly to 
regulate those activities. 

The nervous system 

consists of a network 

of cells that generate, 
transmit, and interpret 
millions of electrical signals, 
giving it a processing power 
far greater than any computer, 
and the ability to deal with 
many tasks at once. 








Cerebellum coordinates 
balance and movement 


@ NERVOUS SYSTEM 
Your nervous system consists of two parts. The brain 
and spinal cord form the central nervous system, which 
is packed with nerve cells that receive and process 
information and send out instructions. Nerves 

are cablelike structures that form the peripheral 
nervous system. They are bundles of sensory and 
motor neurons that, respectively, carry messages 
to and from the spinal cord and brain. 








Spinal cord 
extends from the 
base of the brain 





@ NERVE CELLS @ CENTRAL NERVOUS SYSTEM @ SENSATION 

Neurons, or nerve cells, are building blocks that The brain and spinal cord make up your central You can read these words because of your 

form the communication network of the nervous nervous system or CNS. The job of the CNS is nervous system. Sensory receptors in your eyes, 
system. They carry tiny electrical signals, called to control and coordinate all of your body's ears, nose, tongue, skin, and elsewhere detect 
impulses, that travel at high speed along slender activities, from singing songs to digesting lunch. changes outside and inside your body. They send 
processes or fibers that extend from central cell Your CNS is packed with neurons that receive impulses along sensory neurons to update your 
bodies (shown here). These fibers either pick and process input from sensory receptors, such CNS. Your brain processes these signals, so 


up impulses from, or transmit them to, other as those in the eyes, and send out instructions you can experience these sensations. Sensory 
neurons. Impulses "jump" from one neuron to muscles and organs. They also store memories ^ messages from inside the body tell your brain, 
to another across gaps called synapses. and let you imagine. for example, when your bladder is full. 
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the largest part 
of the brain 
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Cranial nerve carries 
signals from smell 
receptors to the brain 


Nerve that 


arises from the 
spinal cord 


Signals sent to this 
part of the heart 
alter heart rate 











NEURONS 


Found only in the nervous system, neurons, or nerve cells, have 


© MOTOR NEURONS 

These long neurons carry nerve impulses away from 
the CNS to effectors. The most important of these 
effectors include the muscles, which move the body 
in response to instructions from the brain, and glands 


the unique ability to generate and transmit electrical signals called such as the adrenal gland, which releases the hormone 
nerve impulses. All neurons are interconnected, so they create a vast adrenaline when told to do so. The cell bodies of motor 
communications network, the nervous system, that extends throughout neurons are located in the spinal cord, where they 


the body. Neurons in the central nervous system (CNS)—the brain 


receive messages from other neurons. 


and spinal cord—process incoming information and issue instructions. 
Other neurons either transmit information from sensors to the ia 
CNS or carry signals to muscles telling them to contract. 























@ NEURON STRUCTURE 

Although there are different types of neuron, they all 
share the same basic structure. A swelling, called the 
cell body, contains the nucleus and other structures 
usually found in a cell. Attached to the cell body are 
short filaments, called dendrites, that carry electrical 
signals, called nerve impulses, towards the cell body. 
A longer filament, called the axon or nerve fiber, 
carries nerve impulses away from the cell body. 








Axon arising Cross section 
from cell body through cell body 


Axon surrounded 
by insulating cells 
transmits nerve 
impulses away 
from cell body 


Dendrite carries 
nerve impulses 
toward cell body 





Cell body contains 
nucleus and 


Cell body of a Sensory neuron 
mitochondria 


motor neuron cell body in 
in spinal cord spinal nerve 
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O SENSORY NEURONS 

As their name suggests, these long neurons carry sensory 
messages from the body to the CNS. Some sensory neurons 
are triggered directly by stimuli such as a finger touching 
something hot. Others are triggered indirectly by special 
cells, called receptors, such as the photoreceptors in the 
eye's retina that become active when they are hit by light. 


© RELAY NEURONS 

Also called association neurons or interneurons, these 
nerve cells make up the majority of neurons and are 
only found in the brain and spinal cord. Here, they 
process, sort, and compare information received from 
sensory neurons, and issue outgoing instructions 
that are transmitted by motor neurons. 
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Cell body of 
relay neuron 


Oligodendrocyte 
(pink-orange) is a 
type of support cell 





Support cell wraps 
around axon (pale 
green) to insulate it 


Relay neurons make 
many connections 
with each other 
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O SUPPORT CELL 


There are ten times as many support, or glial, cells in the nervous 
system as there are neurons. The job of these cells is to nurture 
and protect neurons. Oligodendrocytes, for example, form a fatty, 
insulating sheath around the axons of certain neurons, enabling 
them to transmit nerve impulses more rapidly. Other support 
cells called astrocytes supply neurons with food. 


Axon of first neuron 





O SYNAPSE 

To work as a communication network, neurons have to pass on 
signals to one another. Where neurons meet, at a junction called a 
synapse, there is a tiny gap between them. The axon of one neuron 
ends in a swelling called a synaptic knob. When a nerve impulse 
arrives, the synaptic knob releases a chemical that travels across the 
gap and triggers a new impulse in the dendrite of the second neuron. 


Surface of 
second neuron 


Synapse between 
one neuron 
and another 







One of the bundle 
of axons that 
makes up a nerve 








Sheath holds 
bundle of axons 
together inside 
anerve 


@ NERVES 

These are the "cables" of the nervous system that fan out 
from the brain and spinal cord and carry information back 
and forth between the CNS and every part of the body. 
Each nerve is made up of bundles of long axons and is 
surrounded by an outer protective coat. Most nerves 
carry the axons of both sensory and motor neurons. 


BRAIN 


Our brain is made from some 100 billion neurons, each of which form 
connections with hundreds or thousands of other neurons to create a 
massive control network. The brain consumes 20 percent of the body's 
energy, even though it makes up just two per cent of body weight. 
The largest part of the brain, the cerebrum, enables us to experience 
our surroundings, move in a controlled way, and to think and be 
self-aware. Other key parts include the cerebellum and brain stem. 























O CEREBRAL CORTEX 

The cerebrum's many tasks are performed by its thin outer layer, the 
cerebral cortex. Although each area of the cortex has a particular role, 
different areas work together. This “brain map” shows those different areas. 
Sensory areas receive input from receptors, motor areas send instructions 
to muscles, and association areas interpret and analyze information. 
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Left side of cerebrum 
controls right side of the 
body, and vice versa 











@ PREFRONTAL CORTEX 

We are what we are because of this 
association area at the front of each side 

of the cerebrum. The most complex part 

of the brain, the prefrontal cortex gives us 
our personality and enables us to think and 
learn. It also, among other things, allows us 
to reason and make judgements, determines 


© PRIMARY MOTOR CORTEX 

With the help of other parts of the brain, the primary 

motor cortex sends out instructions to skeletal muscles that 
result in controlled, coordinated movements of the body. 
Another motor area, the neighboring premotor cortex, 
controls learned skills, such as riding a bike or playing the 
violin, by sending signals to muscles by way of the primary 
motor cortex. It also plays a part in planning movements. 

















our intelligence, allows us to have abstract 
ideas, and gives us a conscience and the 
ability to care about other people. 

O PRIMARY SENSORY CORTEX 

We are able to feel our surroundings because of this area 
of the cortex. The primary sensory cortex receives and 
identifies signals from touch, pressure, heat, cold, and pain 
receptors in the skin, and pinpoints where the signals have 
come from. The sensory association area integrates input 
from its neighbor, and recalls previous experiences, to 
interpret what is being felt, in terms of shape, texture, 

and temperature. 










Brain stem controls heart 
rate and breathing 


Spinal cord controls 
many automatic 
actions or reflexes 


@ PRIMARY VISUAL CORTEX 
This is the biggest sensory area of the cerebral cortex, reflecting 
the importance of vision. The primary visual cortex receives nerve 
impulses from the eyes and analyzes them in terms of movement, 
colors, and shapes. The visual association area compares these 
with other visual experiences so that we appreciate what 
we are seeing. At the same time, other parts at the back and 
sides of the brain tell us what we are seeing and where it is. 







© CEREBELLUM 
Making up around ten percent of the brain's weight, the 
cerebellum ensures that the body moves in a smooth, 
coordinated fashion. The cerebellum receives constant 
updates about the body's position and movements from 
stretch receptors in muscles and tendons, balance sensors 
y in the ears, and from the eyes. It sends instructions, via the 
motor cortex, to skeletal muscles that control the precise 
timing and sequence of their contractions. 


@ SPINAL CORD 

This flattened cylinder of nervous tissue extends from the base 
of the brain to the lower back. The spinal cord relays signals 
between the brain and most parts of the body, to which it is 
connected by 31 pairs of spinal nerves that branch out from it. 
More than just an information highway, the spinal cord also 
coordinates many automatic reflex actions without the 
intervention of the brain. 














à 


























MEMORY 


Being able to rem 
Memory en ember experiences i o 
around m wen learn, be 5 77: to our existence. 
us for a split second t ree levels of mem p ç understand the world 
memory briefly heldi o be aware of our su “5 memory allovvs 
Long-term memory, E 5 that we need to deal Inge. Short-term 
store of skills, facts and 7 there are three types — a 27 
7 S. 7 vides a lifetime 


... 
“ate 
; ` 
Corpus callosum | 














aa 









CLR. e 
) .. e 
+ e x | \ pn » 
Cerebral cortex 
links cerebral 
hemispheres 
















Thalamus filters 
incoming signals 





Hippocampus 
A MEMORY STORAGE 
There is no single memory store in your brain. Among the key memory 
areas are the cerebral cortex, the outer layer of the brains cerebral 
hemispheres, and the hippocampus, which is located within those 
| hemispheres. The hippocampus constantly relays memory signals to 
areas of the cortex that deal with vision, hearing, and other sensations, 
until they store long-term memories that can be recalled. 


































< SHORT-TERM MEMORY 
Only the most significant sensations you experience are 
remembered. That is the job of short-term memory, which stores 

things just long enough for you to act on them. For example, if you read 
a phone number, short-term memory retains it so you can dial it. Most 
short-term memories are stored for seconds then discarded, but 
important ones are shunted to long-term memory. 























> PROCEDURAL MEMORY 

One of the three types of long-term 

memory, procedural memory is located 
deep inside your brain. It stores all those 
skills that people learn through practice, 
from the most basic, such as walking, to more 
complex, such as being able to play a piano. 
Once learned, procedural memory makes sure 
these skills and “how to” knowledge are rarely lost. 


> SEMANTIC MEMORY 
The reason you can read these words and 
make sense of what they mean is because of 
your semantic memory. Located in the sides 
of the cerebrum, semantic memory stores the 
words and language you have learned since 
infancy, both inside and out of school, along 
with lots of facts and their meanings. It helps 
you understand what is in front of you. 


EPISODIC MEMORY » 
Remembering a great holiday or your 
first day at school depends on episodic 
memory. Located in different parts of 
the cerebral cortex, such as those 
responsible for vision and hearing, 
episodic memory stores specific life 
events. One way to “jog” your 
episodic memory is to look at 
photographs. These can "switch 
on" parts of the cortex, so they 
recreate the event. 


« MAKING MEMORIES 
While most sensations last just a few seconds, some, such 
as the sights, sounds, and smells of this carnival, can make 
a big impression. Received from short-term memory, 
these sensations are processed by the hippocampus and 
eventually pass into long-term memory in the cerebral 
cortex. Here, nerve cells create new connections with 
each other to create a “memory web”, in which memories 
can be stored and then recalled over a lifetime. 
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VISION 


Our most important sense, vision provides the brain 
with massive amounts of information about our 
surroundings. The eyes, which are protected within 
bony orbits in the skull and by the eyelids and tears, 
contain around 70 percent of the body’s sensory 
receptors. They act like digital cameras, automatically 
focusing light and controlling the amount of light 
entering them. They then send signals to the brain, 
which creates the images that we "see." 





« TEARS 

The front of the eye is constantly cleaned 
and moistened by tears produced by a gland 
just under the eyebrow, and spread across 
the eye by blinking. As well as washing away 
dust, tears contain lysozyme, a substance 
that kills bacteria. Tear production increases 
to wash away irritants, such as onion 

vapors, or when someone is feeling 

tearfully sad or happy. 
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A FOCUSING LIGHT 

This cross section through the front of the eye shows the 
cornea and the lens that lies behind it. Light rays reflected 
from, or produced by, the object you are looking at are 
focused by both cornea and lens to produce a sharp 
image on the retina. The elastic lens changes shape so 

it can focus light from both near and distant objects. 





< IRIS AND PUPIL 

The colored part of the eye, the iris (orange), 
surrounds the pupil (blue), the opening that 
allows light into the back of the eye. In bright 
light, tiny muscles in the iris make the pupil 
smaller to cut the amount of light entering the 
eye and prevent dazzling. In dim light, they 
make the pupil wider to let in more light. This 
automatic reflex action ensures that the eyes 
can work in a wide range of light intensities. 





RETINA p 

The rear of the eye is lined by a thin layer called 
the retina. This is packed with light-detecting 
cells or photoreceptors of two types, as shown 
in this micrograph. Around 120 million rods 
(pink) work best in dim light and "see" in black 
and white. Some six million cones (green) work 
best in bright light and give us color vision. 


A phoropter is 

used during eye 
examinations to 
determine a person's 
eyeglass prescription 





Y VISUAL CORTEX 
"Seeing" happens in the visual cortex at the back of the 
brain's cerebrum. When light hits the retina, it sends signals 





along the optic nerve. Signals from the right side of each 
retina go to the right visual cortex, and those from the left 
go to the left visual cortex. Here, signals are interpreted, 
compared, and turned into moving, 3-D images. 
Optic nerve Brain 
Right visual cortex 

Retina 

Eye 








pr 





Left visual cortex 


Y EYE MOVEMENTS 

The eyes are constantly on the move. When 
looking at static objects, they make small, rapid 
movements called saccades to scan all parts 

of the scene. They also make larger, smoother 
movements to track objects that are on the go. 
These precise eye movements are produced by six 
straplike muscles anchored to the bony orbit. 


Superior rectus moves 
Lateral rectus pulls | eye upward 


eye to the side 










Superior oblique moves eye 
downward and outward 


Inferior rectus makes 
eye look downward 





Medial rectus moves 
eye inward 


Inferior oblique moves eye 
upward and outward 
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| O U C H Free nerve Epidermis Meissner's Merkel's disk 


ending corpuscle 


Skin is a sense organ. Scattered 
throughout it are receptors that give 
us our sense of touch, a sense that 
keeps us constantly informed about 
our surroundings. A cold breeze ° 


hitting the skin, the soft feel of : =~ - x : 
a cat”s fur, or the pain of a paper əə > 





cut are just some of the physical 
sensations we experience using this ^ 
sense. There are several different oe EX". 
types of receptor in the skin, and +} 
each responds to a different 
stimulus. When processed by the 
brain, signals from these receptors 
together give us a touch “picture” 
of the world around us. 





Dermis 


Ruffini's corpuscle 


Cross section 
of vein 


Cross section 
of artery 


> TOUCH RECEPTORS 

The majority of touch receptors are located 
in the dermis, the thicker, lower layer of the 
skin, although some extend into the thinner 
epidermis. Most are mechanoreceptors, 
receptors that send signals to the brain when 
they are physically squashed or pulled. Smaller 
mechanoreceptors near the skin's surface 
detect light touch, while larger, deeper ones 
pick up pressure and stretching. Some 
receptors detect temperature changes, 

while others detect chemicals released 

when the skin is damaged, and send 
messages to the brain about pain. 





"d 








Pacinian corpuscle 


Subcutaneous fat 





> FREE NERVE ENDINGS 

Step into a hot shower or dive into a 
freezing pool and you feel the sudden 
change in temperature thanks to free 
nerve endings in your skin. These act as 
thermoreceptors, receptors that react to 
heat and cold. Other free nerve endings 
act as nociceptors, receptors that enable 
you to feel pain. Free nerve endings 
have no capsules around the tips and 
extend into the epidermis itself. 


> MEISSNER’S CORPSUCLE 
Located near the junction of the dermis 
and epidermis, these egg-shaped 
receptors consist of branching nerve 
endings surrounded by a capsule. 
Meissner's corpuscles are common in 
sensitive, hairless skin, such as on the 
fingertips, palms, soles, eyelids, lips, and 
nipples. They are sensitive to light touch 
and pressure, and allow us to identify 
objects by their size, shape, and texture. 


» MERKEL'S DISK 

Lying close to the surface of the skin, 
Merkel's disks consist of branched nerve 
endings associated with specialized 
disk-shaped cells called Merkel's cells 

in the bottom layer of the epidermis. 
Merkel's disks detect light pressure and 
touch. In the skin of the fingertips, these 
detectors can distinguish between the 
texture of velvet and of sandpaper. 


> PACINIAN CORPUSCLE 

Deep in the dermis these big, 
egg-shaped receptors detect “on-off” 
pressure and vibrations. The Pacinian 
corpuscle's nerve ending is surrounded 
by layers of flattened cells, so in section 
it looks a bit like a cut onion. A sudden 
change in pressure on the skin squashes 
the receptor and stimulates its nerve 
ending to send signals to the brain. 


> RUFFINI'S CORPUSCLE 

A branching array of nerve endings 
surrounded by a flat capsule, Ruffini's 
corpuscles detect deep, continuous 
pressure and stretching of the skin. 

In the hands, they detect the sliding 
movements of objects across the skin's 
surface, helping the fingers to grip those 
objects. They are similar to receptors in 
tendons that monitor muscle stretching. 









A SENSITIVE FINGERS 

Sensory receptors are not distributed evenly 
throughout the skin. Your fingertips have 
lots more touch, pressure, and vibration 
receptors than most other parts of the 

body. This makes them incredibly sensitive 
so that they can detect the lightest touch 
and distinguish the texture of the object 
they are touching, such as this contact lens. 


A SENSITIVE LIPS 

Your lips are very sensitive because, like 

the fingers, they are packed with touch 
receptors. The part of the brain that 
processes signals from these receptors is 
called the sensory cortex. Much larger parts 
of the sensory cortex are dedicated to 
dealing with signals from sensitive body 
areas than from less sensitive parts, such 

as the back of the elbows and knees. 
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x EMERGENCY 


Our bodies can cope vvith many different 
À situations, and emergencies are no 
exception. Confronted by any sort of 
threat or stress, a built-in mechanism 
speeds into action to prepare the body to 
deal with the problem. Aided by the hormone 
adrenaline, also called epinephrine, the 
autonomic nervous system (ANS) targets the 
heart, lungs, liver, and other body parts to get 
extra oxygen and fuel to the brain and muscles. 
Once primed for action, the body can either 
confront the emergency or run away from it. 
This is the fight-or-flight reaction 



























A SCARY SITUATIONS 

Stressful or alarming situations include the fear and 
excitement generated by a roller coaster ride, or the sheer 
terror induced by being chased through the woods by a 
bear, or the stress of being stuck in a traffic jam when you 
want to get somewhere. These situations will make the body 
marshal its resources using the ANS and adrenaline in order 
to confront the threat, real or imaginary, or escape from it. 


« HYPOTHALAMUS 

In charge of regulating so many body 
activities, the hypothalamus performs a lot of 
its roles through the ANS. When it receives fear 
signals from the amygdala, it activates a part of 
the ANS called the sympathetic division, which 
has the effect of rousing the body into action. 
The hypothalamus sends out signals along 
sympathetic motor neurons to various body 
parts, including the adrenal glands. 


A AMYGDALA 
| The amygdala is part of the limbic system—the 
brain’s emotional center. When a person sees or 
imagines something that is scary or threatening, 
signals from the eyes, ears, or parts of the brain 
zip along nerve fibers to the amygdala. This, in 
turn, alerts its neighbor, the hypothalamus, 
a small but vitally important part of the brain. 


< ADRENAL GLANDS 


Triggered by nerve impulses arriving 
from the hypothalamus, each adrenal 
gland swings into action at the first sign 

of an emergency. The central medulla | 
of the adrenal gland pours quantities = 
of the hormone adrenaline into the 

bloodstream. Adrenaline reinforces 
the actions of the ANS by, for example, 
targeting the heart, to make it beat 
faster, or the liver, to release glucose. 


Adrenal gland 
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Pacemaker is 
located here 



















Liver releases 
glucose 










< HEART 

Anyone who's been scared will 
recognize the familiar feeling 
of a pounding heart. In scary 
situations, the ANS and adrenaline 
target the pacemaker and other 
parts of the heart to increase the 
rate and force of heartbeats. This 
ensures that more blood gets to 
muscles and the brain, where it 
delivers vital oxygen and fuel. 


< LUNGS 

Each lung contains a massive network of 
airways. The largest, called bronchi, divide 
into smaller bronchioles, the smallest of 
which carry air into and out of the alveoli, 
or air sacs, through which oxygen enters 
the blood. During an emergency, tiny 
muscles wrapped around the bronchioles 
relax. They widen and carry more air to 
the alveoli, so that extra oxygen gets 

into the bloodstream. 


< LIVER 

Among its many roles, the liver stores 
glucose. This energy-rich sugar is kept 

in liver cells in the form of a complex 
carbohydrate called glycogen. During an 
emergency, demand for glucose soars. 
The ANS and adrenaline stimulate liver cells 
to break down glycogen into glucose and 
release it into the bloodstream. It is then 
transported to where it is needed most, 
notably the brain and muscles. 


< CHANGING 

BLOOD FLOW 

In an emergency situation, 
digestion is not a priority. Blood 
vessels supplying the digestive 
system narrow to reduce blood 
flow. The same applies to the skin, 
making a frightened person go 
pale. Blood diverted from the 
digestive system and skin goes 
to the brain, to increase alertness, 
and to muscles. Blood vessels 
inside muscles widen, vastly 
increasing blood flow to muscle 
cells, giving them extra energy 

to confront any threat. 



























adrenaline are obvious. Together, they cause 
the contraction of tiny muscle fibers in the 
iris, the colored part of the eye, that make its 
central pupil really wide. This lets extra light 
into the eyes, giving someone a better view 


of what is happening around them. —. 


00 LiFe BLOOD 
A legion of red blood cells 
inside a blood vessel travel 
swiftly around the body to 
deliver essential oxygen to 
its trillions of cells. This is just 
one of many processes that 
cooperate to maintain the body. 

















Maintenance 
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“ To stay alive, body cells need constant deliveries of oxygen, food, and 


— cells and platelets floating in a yellowish liquid called plasma. 





























BLOOD | 


other essentials, and removal of waste. This service is provided by 
the blood, a red liquid that courses along blood vessels, pumped 
by the heart. Together, the blood, blood vessels; and heart make 
up the circulatory system. Blood consists of red and white blood 


Plasma carries out most of the roles of blood including 
transporting food and wastes. Red blood cells carry 
oxygen, white blood cells fight infection, and 

platelets help repair damaged blood vessels. 
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> HEMOGLOBIN 1 J ae . d i 
Around 250 million molecules of hemoglobin, the š s. P$ SA, 
orangey-red protein that gives blood its color, are ¿Abe r 2) rə y 
packed into every red blood cell. Hemoglobin picks up u “ar e b 
oxygen in the lungs, then releases it where it's needed, a s Y Í a - 
in the tissues. As it does this, hemoglobin changes vw 1 R . ç 
color, making oxygen-rich blood bright red and € t o M, + 
oxygen-poor blood dark red. Each hemoglobin b. E Ee 
molecule carries four oxygen molecules, so one red DA Pp 5 
blood cell can transport one billion oxygen molecules. = x í 
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> PLATELETS 

A damaged blood vessel leaking blood could prove 
life-threatening. To stem leaks, the circulatory system has 

a self-repair mechanism in which platelets play a key role. 
Around one-third the size of a red blood cell, platelets are cell 
fragments. If a blood vessel is damaged, platelets congregate at the | Neutrophils track 
site and become “sticky. The resulting mass of platelets forms a E: n and eat 
temporary plug that stops blood loss and sets clotting in motion. pono 










Fibrin threads 
trap blood cells 
to form a clot 


the next stage in the mending 
process—clotting. Sticky platelets 
release chemicals that convert 
the blood protein fibrinogen into 
threads of fibrin. At the wound 
site, entangled fibrin fibers act 
like a netto trap blood cells and 
form a jellylike clot. A stronger, 
more permanent structure than 
the platelet plug, the clot remains 
in place, gradually shrinking, until 
tissue repair is complete. 























Oxygen-rich blood 


Pulmonary arteries carry 
> blood to the lungs 
— Oxygen-poor blood 


Outer layer 
b Protective Valve 
outer coat 


oœ Elastic and 
connective 
tissue 


o—— Capillary wall Muscle layer 


Inner linin 
1 Muscle and g 
elastic fibers 


o—  lnnerlining 












Posterior tibial 
vein drains blood 
from the foot and 
lower leg 


Posterior tibial artery 
supplies blood to the 












Femoral artery foot and lower leg 
supplies blood 
to the thigh 

— . = Digital veins 

I E = drain blood 


from the fingers 


CIRCULATION 


Every second of the day and night blood circulates around 

the body to service trillions of cells that are dependent on its 
supplies to work normally. This circulation of blood is powered by 
the heart and takes place along an extensive network of living tubes 
called blood vessels, which would wrap twice around Earth if stretched 
out. There are three types of blood vessels—arteries, veins, and capillaries. 
Arteries carry blood from the heart, and branch repeatedly into smaller and 
smaller vessels that themselves divide into capillaries. These tiny blood vessels carry 
blood past every tissue cell, before uniting to form the veins that return blood to the 
heart. Together, the heart, blood vessels, and blood make up the circulatory system. 
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HEART ë | 


This fist-sized powerhouse of the circulatory system a 
lies between the two lungs. The heart consists of two Right W 
linked pumps, one that gets blood to the lungs to pick awur 4 
up oxygen, while the other supplies blood to the rest of 
the body. Valves inside the heart ensure one-way blood 
flow and, as they close, produce the thumping sounds 
that can be heard using a stethoscope. Made from 
cardiac muscle, which never tires, the heart beats some 
2.5 billion times in an average lifetime without a pause. 


@ HEART CHAMBERS 
The heart is divided by a central wall into left and right halves. 
Each half of the heart has two chambers, a smaller, upper atrium, 
and a bigger, thicker-walled ventricle. The right part of the heart 
receives oxygen-poor blood from the body and pumps it to the 
lungs to pick up oxygen. The left side receives oxygen-rich blood 
from the lungs and pumps it to the body. 





During atrial systole, the 
atria contract a 
to pump blood into the 
ventricles, opening the 
valves between upper 


and lower chambers. | 


Contraction of the 
ricles during 
550 systole forces 
blood out ofthe heart, 
dosing valves between 
atria and ventricles to 
stop backflow. 


> ey 


A UEA 
O HEARTBEAT STAGES E 


Each heartbeat is not one event but a 
sequence of stages that flow into each other, TP “ 

called atrial systole, ventricular systole, and R x” Heart muscle relaxes 
diastole. This sequence is controlled by a natural > //// x” J during diastole, 
pacemaker that is located in the wall of the right atrium. ” də. allovving blood to 
The pacemaker sends out electrical signals that make the enter the e 
walls of the atria contract first, followed just afterwards by BR 3 
the walls of the ventricles. Aided by valves that close to E NES close to 
prevent backflow, this ensures that blood flows in only prevent backflow. 
one direction—into then out of the heart. 


© BLOOD VESSELS 
The heart is served by several major 
blood vessels. Those that transport 
oxygen-poor blood are shown in 
blue, those that carry oxygen-rich 
blood are shown in red. The right 
atrium receives blood from the 
superior vena cava and the inferior 
vena cava. The left atrium is supplied 
by a pair of pulmonary veins from 
h each lung. The left ventricle exports 
blood along the aorta, while the 
pulmonary arteries carry blood from 
Oxy the right ventricle to both lungs. 
tə 





Superior vena cava 
carries oxygen-poor 
blood from the head 
and upper body 











Pulmonary veins carry 
oxygen-rich blood from 
the lungs to the heart 


6 CHANGING HEART PATT =, E 
A seated person has a re 
70 beats per minute, but that w! "e 
ing to the body's demands. If, 

a go running, you edt 
need much more oxygen and se mami 
heart rate increases to meet that Ex o 
Heart rate is controlled by the body = 
autopilot, the autonomic nenons AN, 
(ANS), under orders from the 200 i © HEART’S BLOOD SUPPLY 

When you are active, e i n rate, * Hard-working heart muscles cannot obtain oxygen 

the pacemaker to speed up ES it B. and food from the blood gushing through the 

and when you rest, the ANS teş b | heart's chambers. Instead, they receive supplies 

to slow down. from two coronary arteries that arise from the 
aorta. These vessels carry oxygen and fuel to 
cardiac muscle cells to ensure that they continue 
contracting without tiring or taking a break. 

















KAP» 
jesen 


'sbun| eui o) e[qeda»»e Əloui ua^e yl 
Hulyew ‘ajay pauajsiow pue peuuew 
OSİE SI JI "DƏMOİİE/MS pue 280402 

34] o) ein exrpieu Aq peAou usui 

SI SNINW payeuruje3uo» `Bulul| sy 
BUHƏAO? sndnw Áyons eui ul SWG 
pue quip Bunisodop /41452 jeseu 

əy} punole sims HE ‘sapped sape] 
pedden aney suey [uisou a2U0 SHUN] 
Əy} 9381111 pjnom ey} suəbou)ed 

pue 3snp ausoqule SAOUJ9J O) HE 
Ul-pay}easq sesse»oJd AjIAeD jeseu 
94] 3e0Ju Əy} 01 s|u3sou əy} Bulqui7 
ALIAVD 1VSVN O 








5un|3j91 


a, 








əuoqy?oeg 
928 — —— 200) 3180141 

Sul aeui 

əqm əlqIxəU 

e sI eoupeJ| / 


M 
or 


/ 


| 


ES... | | "susBoy1ed pue 3snp sdex] yey) snanw 
TEC. ¡estu | A135 YUM ISIOU sI eee Əv) JO Butui| 
usamjeq ule Əul ‘Ul əu1eəƏ1q am se sdoJp ainssaid 
SƏLHE? J801y 1 118 USyM spiemul Sulsdeyloə UJOJJ 31 
dois yey} ebejnJe» jo sbu pedeus-5 

€ I YUM DƏ24OJUIƏ4 SI ||PM seau»en eu 

X 'sbun| ay] 183ue zey} Iu»uoJq "ureud 

z \ 10 ‘Are OM} W04 0} seu»ueaq 





‘soes pue sabessed Jie uM 

pəllu are Aəu1 asnedaq ‘Abuods pue 
‘A\ddns poolq u3u 1194} Jo asnedaq 
‘pas-Ayuid ase səA|Jəsuuəu1 sbun| 

Əy Way} W014 pue o) HE AQAUOD 
1eu1—1u»uoJq pue ‘eayrei} 'xuÁ e] 
“olun "AA jeseu au1—sebessed 
Jie əy} pue shun] OM} au} Jo SISISUOD 
ua1sÁS siu 1seup pue ^j»eu ‘peay 
əy} o) peuyuo» "ulə)s2s KJo1eJidsaJ 
Əy} 0] e»uemnue BU} eui "ArAe» jeseu 
Əy} 01 pea] YIM 'sjsou OM} ƏU L 


WALSAS AUOLVYIdSI4 O 


\ Y ‘pua Jamoj S}! IY 'sbun| eui 

Jie ur-peuieeJq \ U104J pue o) 11e sələ? ‘adidpuim 

SUJJeM pue s1Ə1|U . \ 40 'eou»en ay] 'euogiseauq 

o KAYAL [esen ¿yal \ Əy} puluəq Aje»nJeA GSuluunu 


V3HODVul O 


"urojsÁs K1ojeaidsoa ayy dn axeu “prom əpts]no 

əy} o) urau yuri Eu) seSessed ire ay} uir 199393803 's3un] au, 

"Silə? Surpueurop Á19A JO suot o] poneo oq o) ureadjspoo[q 

əv) our Aqsnonunuoə sassed uasAxo 's3un] ay) əptsul 31soup aui 
əptsur peso[»ue are yey} 's3un] ayy ^sueg1o 3318] OM otur are sind 
Sungjeai1q Jo Pe au ure ay} VO səriddns uasAxo 198 oM “örəuə YIM 
y Aqddns yey} seny ay} ,umq,, o) ua3Axo jo Ayddns psydn.1syurun 

ue spəəu ffə? Ápoq ATəAq "əyiy OU aq ppnom aray} uə34xo MOYHM 


SONT ü 





“no pəu]1eə1q si pue uon»eJlp asıanaı 
Əy} ul SIAOQUI əpixolp uoqJe» 3ISEM 
"uleanspoo|q əv) oğul IjoeAje WO. sessed 
lle Ul-pəuyeəlq Wo uebÁxo “(CUIDA 
pue pəəds uinuixeui um Əpixolp uoqje» 
40) pəbupu?xə sı uə5/xo u?lu/A ubnoiui 
2318 22eJJns anıssew e APIAOIA sbun] OM] 
ayy Ul I [O9AJ[e UO! DOE AU! 'seue|jide» 
poolq Aq pepunouins aye zey} rjoaAje 
pəlle? sdes ile oldoosololul jo seu»unq 

u! pue səu?ueıq s[oru»uoJq 3səlun eu | 


VTO3ATV Ə 





SHIM}, SY S3JOIYIUOIQ əy} pue “SƏU?UBIQ, 

SH 1YDUOIG əv) juna, ƏY} SWOJ eeu»en 
241,894} [e»uodq, eui se paquasap uayjo si 
juawabueue siu *s»es ile Kun u! 9jeuiulJa) 
Ajjenquana zey} səloluouolq paj[e» sabessed 
¿18 19/4N USAS OJUI AS asau | 1uouolq 
49|jeuus pue Jojjews oğul Ajpajeadaı seu»ueiq 
snu»uoJq Ajeuiud əy} Bun] u»ee episu| 
"Ae 1590? eui JO Jsow [Jy SHUN] om} eur 


S5Nn10 


yeəy Jo uonisog 


sabessed ue 
Bulysueiq əy} 
JO 13sə||euus eui 
ale səyoluouolq 





eaupe1 ay} Jo ` 
sayruelq OM} JO 
Əuo sı snu»uoJq 
Xaeuuud 1497 — 


















sn|OƏA|V 


seuejde» 
poo|g 








snuəuolq 
AOU 











Bun] 1497 Summe 
BƏU?ELL 





4 Bun episut 
K|pe1eedai 
I u»ueiq !u3uoig 





Ln 
a 





|». 3qep uebÁxo 
Əy} s[o2ue» ƏS121ƏXƏ 


snoJo ie Bunueg 
x= P 


p“ 


no pəy}eəıq aq osje ue» 1942M SSƏƏX4 
"ƏBA WO} 0} uebÁxo ur-peu1eeudq 

y}ım peuriquioo ase swoje USBOIPAH 

“no payjea1q si y Os ‘Apog eui u! urew 
0} pamoje Ji snouosiod aq pjnom 3ISEM 
SIU| `uueəlspoo|q əy} oui sessed u»iuMw 
'epixoip UOGJeD JO w104 Əy} ui PASPA 
ale suoje uə5/xo pue uoqiue2 əy} 
'uoneijidsai >1qoJae Buling 'suoie usbÁxo 
xis pue 'ueboJpÁu Z| 'uogJe» xis WON, 
pəşən.nsuo2 sı ə|nə2ə|oui esoon|Db u»e3 


SLINGOUd ALSVM O 


"YI 189] o) sdjay Buiu1eəiq 

pide, pue ,aqep uabAxo, eui payed si 

SIU} op o) pəpəəu uə)2xo şo 1unouue au 
'peAOUJ2J aq ISNUU ‘pide 1998] 'uoneJidsoJ 
2IqoJoeue JO 32npoJd IISEM Əv) “ƏAƏMOH 
"uoneidsai »IqoJeeue payed SI SIU L 
‘uabAxo Husn 1nounlA KDjeue səseə|ə1u 
U2IUM 'uoneuidsaJ JO adÁ] 3uələHip e 0} 
youms Áəu1 “uə54xo ubnoue 195 Jou 

op se[»snuu j| ‘UaHAxo enxə pue K6jeua 
9J0UJ SO] pəəu sə|3snui 'esipjexe Buung 


SQNVW3G 5NIDNVH2 O 


ilə? anssı] 


SIlə? enssh səAeə| 


Əpıxolp uoq4e» a1se/A 


uəÁxo sauJe» 


1133 poolq pay Silə? enssn 


SJo1ua uabÁxQ 


"Ilə? Əv) Ag pauinbai sı 31 

¡pun ABjaua au saJo3s U3IUA dV paler 
J91118) e 0] paulsjsueJ si Áb1eus paseajay 
'uonejidsa1 1QOJ38 pə||e2 si sse»oud 

sių "A6jeue 1194} xpojun o) pepueuusip 
9Je səln?əyoul esoonjb “UIBAXO Jo djay 
Əy} YUM ey} 4ƏAƏMOU 'eupuou»oiluJ 
9pisul SI 3| 'uusejdo345 S|[92 əv) ur sul5əq 
‘gsoon|b Ajjejnonaed 'sjenj jo uwopyeəiq 
euL'si[o» Apoq Ile Əpisul aseajas AHJoua Jo 
DUS Əy} SI UOLI|PUOYDOUW 21d025042IUu SIU L 


VIHQNOHDOLIW O 


‘Keme pale» eq o) ewsejd poolq oļu pue — 


‘ijem Áuejjide> eua ssoJ»e “silə? enssn jo no 
səssed əpixolp uogJe» "silə? enssn Je3ua 
O) ¡gm Aıejjıde> ou ssoJ2e sessed pue 
Silə? poolq paJ sanea] uebÁxo 'senssn əv) 
ubnouu poo|q Ku» seuejide» woujeu sy 
"əo) Big ay} o) uleiq əv) WOAJ sənssi) |e 

ul ‘3194 UMOUS se “Sın?20 osje ebueu»xe 
Ser) 'apIXoIp uoqJe» 104 ebueu»xe u! 
ueaJspoo|q eui our Ioane exrbeq 

Kun wo} səssed uebÁxo 'sbun| ay} ul 


309NVH2X3 SV) O 


J9JeMJ3pUn uieaiq o) 
Jop4o ui sue} Jie Ul USBÁXO 
/uye? o) pəəu supulnH 


"Aıddns 4118 ue Kue siəAIp eqnos Áym Sİ 
jeu Jayemiapun uebÁxo dn yəld 3ouue» 
pue 11e ul 3JOM O) pƏA|OAƏ SHUN] no 
"pəllədxə SI epixoip uoq4e» ajsem zey} pue 
'uleanspoo|q eui seus uebÁxo Jo Ajddns 
pe1dnueurun ue zey} seunsue Bulyjeasg 
*Buiu1eəiq 3463581 01 UI SAD uoos 19}UƏ2 
Kıoyesıdsaı sways ureJq eui 'uleəiq 1194} 
sp|ou euoauJos JI USA ‘Hulyjyeasq Woy 
yeaiq e 948] 3ouue» aM “Subyulip Jo Buea 
INOY3IM SINOY 103 OB ued SA yHnouyy 


DNIHIV3HS O 


a £ $ 
"Ápoq əy} JAQUE o) pəsn SI YM 





lən) Buiquosqe pue poo) 
Bunsəbip Jo ssadoid 
eui ul Julod 6unaeijs 

eui sı yinou eu 


"1ybiam uo Ind pue şe) se ssəəxə Əy} 31015 
¡pim Aəu) ‘paau Avy} uey} ABsoua 310W ul 
sae} əuoəuuos J| `AB61Əuə Jo Junowe 14611 
əy} osje pue SPOO} Jo eJn3xiUu e səpni?ul 
yey} J91p pe»ueJeq e 183 o) 3uexioduur 

SI Y,/[9Ny, uteuu ino si pue ^ueespoo|q 
əy} oui peqJosqe sı sIu | 'eso2nj6 Jens 
əy} o) umop uəyo4q SI u2Je3s 'uonsebip 
Buung 'siebns pue u»aeis 5ulpni 
'se3e1pÁuoq.e» aie ABiaua Jo sə? 
urew INQ "K6jeue 1 


“Aöqəuə ənəupi “s]|ə2 o[psnur ur “pue 


‘wem sn sda9x yorym “Siəuə 1eəu saseo[a1 os[e uonedidsa: orqo1oe 
JOM SİTƏ? expeur 0} Aörəuə əy) SurprAoud se [Jam sy `AS1əuə po10js 
ƏSLƏJƏI o) ur əƏu1eəƏ1q IM uoSÁxo əv) səsn sn] "uonedidsoiz 2orqo1oe 
pore» ssa901d e Aq sifəə eprsur umop ue»[o1q aae s[ong əsəu] “pooy 
WOJ ure3qo IM Fey} ^soeje1pÁuoqueo se qəns 'so»uejsqns ur pa103s SI 
A319u7 Ae sn daay 72y} suonəvən [eoruraup əv) JNO Are) JOUULI 
sirəə “Siəuə JNOYIM ÑA Op o) Ároede» ayy st A21ouo "Aqduurs ma 


ADdıN4 





























rf 
` ‘ LA pA x 
, j y” e 9 L Aw "31 
L aa bi , . š 
“ə. oğ” M. e" o B ` m > 
a7 N Tg » IY " i w ü 
pe . : 3 ai 1 ^ AND ww 
| : e ` ` R y £” £ ) y « i 
MOR. PM RR FENSTER: 
us m T “325 ah 
. , agt $ AL 
X v N N M! & e 
< k ` Ë , 
= . , "d m » 














BREATHING 


Oxygen flows constantly from the lungs into the bloodstream to 






To maintain this flow, air in the lungs must be refre 
oxygen-rich air being brought in and stale, carbon c 


Since the lungs cannot expand or shrink of 
breathing is made possible by the diaphragr al 
actions make lungs act like bellows, to suck in and blow out air. 


> INHALATION 

During inhalation, or breathing in, the diaphragm, the 

domed sheet of muscle under the lungs, contracts, 
flattens, and pulls downward. At the same time, 
external intercostal muscles, which extend from 
rib to rib, contract, pulling the ribcage upward 
and outward. Together, these increase the space 
inside the chest. The elastic lungs follow these 














Neck muscle pulls 
collarbone up to 
enlarge chest 


Chest muscle 
helps to lift ribs 


External intercostal 
muscles pull ribs 
upward and 
outward 








movements, expanding and sucking in air from 
the outside through the trachea. 


Lungs expand as 
diaphragm pulls down 


Lungs shrink as the and ribs pull out 


space inside the 
chest decreases 








Internal intercostal 
muscles pull ribs 
downward during 
forced breathing 











Diaphragm 
contracts, flattens, 
and pulls the 
lungs down 





External intercostal 
muscles relax, 
allowing ribs to 
move downward 
and inward 











< EXHALATION 
Breathing out, or exhalation, is usually more 
passive than inhalation. As the diaphragm relaxes 
and is pushed upward, the external intercostal 
muscles relax so that the rib cage sinks downward 
and inward. These movements decrease the space 
inside the chest, and the elastic lungs shrink as air is 
squeezed out of them into the trachea. During exercise 
and other activities, the internal intercostals contract to actively 
pull the ribcage downward and force extra air out of the lungs. 



















< CONTROLLING BREATHING 
How fast and deeply we breathe is controlled by the respiratory 
center in the brain stem. This is constantly updated by signals 
from receptors that detect levels of carbon dioxide or oxygen in 
the blood, or that monitor how stretched and hard-working 
muscles and tendons are. It sends signals to the diaphragm 
and intercostal muscles to alter the rate and depth of 
breathing to match our level of activity. 


Brain stem 


> BREATHING RATES 
Under normal conditions, when we're not particularly 
active, we breathe in and out between 12 and 15 times every 
minute. During exercise, our skeletal muscles work harder, using 
up much more oxygen to liberate the energy they need to contract. 
At the same time, they release extra carbon dioxide into the blood. 
Both the rate and depth of breathing automatically increase 
to get more oxygen into the bloodstream and to 
eliminate excess carbon dioxide. 
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Coughing forces air 
from the lungs through 
the air passages and 
out of the mouth 


> COUGHING AND SNEEZING 
In addition to normal breathing, reflex 
movements, such as coughing and 
sneezing, help protect us. Both blow 
dust, obstructions, mucus, and other 
irritants out of the airways. During 
coughing, a deep breath is taken, the 
vocal cords are closed so that pressure 
builds up in the lungs, and then 
opened so that a blast of air removes 
irritants from the trachea and throat. 
Sneezing is similar, except that the air is 
forced out through the nose. 













Larynx at the top of 
the trachea contains 
vocal cords 
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Vocal cords are 
angled apart during 
normal breathing 


SPEAKING 


Only humans have the ability to communicate with each other, using 
spoken language to pass on thoughts, instructions, emotions, and many 
other things. From the simple sounds we make as babies, we gradually 
learn to create words and phrases and to connect them together in 
sentences. Speaking is a highly sophisticated operation that is 
controlled by the brain. It also involves the respiratory system, to 

create a stream of air, the larynx, vocal cords, and the mouth. 


O LARYNX 

Also called the voice box, the larynx connects 
the throat to the trachea. It is made from 
several plates of cartilage, one of which can 
be felt at the front of the neck as the "Adam's 
apple.’ These cartilages are held in place by 
ligaments and by muscles, some of which 
play a part in voice production. The two 
vocal cords stretch across the larynx from 
front to back. 


VOCAL CORDS 

This photograph, taken using an endoscope, 
shows the view down a persons throat and 
into the larynx. Clearly visible are the vocal 
cords, ligaments that are made mainly of 
elastic fibers and are covered by membranes. 
The vocal cords are in a resting V-shaped 
position during normal breathing, when they 
are wide open and no sounds are being 
produced. The gap between them, called the 
glottis, allows the free passage of air to and 
from the lungs along the trachea, seen here 
disappearing downward below the larynx. 



















O BROCA'S AREA 
Speech production is controlled by Broca's area in the 
left-hand side of the cerebral cortex. This scan shows 
Broca’s area (red) in action. When a person chooses to 
speak, Broca's area sends signals to the adjacent motor 
areas of the cortex. These areas control muscles that 
alter breathing and pull the vocal cords together to 
create sounds, and also muscles in the lips and 
tongue that shape those sounds into speech. 


O VIBRATING CORDS 
Under instructions from the brain, larynx muscles pull the vocal cords together, 
to close or partially close the glottis, and make them taut. Controlled bursts of 
air from the lungs pass between the closed vocal cords and make them vibrate. 
These vibrations create buzzing sounds that require further processing to turn 
them into speech. If someone is talking or singing at length, larynx muscles 
relax periodically to open the glottis so that a person can take a breath. 


© FORMING SOUNDS 
The basic sounds generated by the vibrating vocal cords are 
improved and shaped in order that a person can speak words 
that are recognized by others. The throat acts rather like an 
organ pipe to amplify the sounds, while the mouth and nasal 
Ki cavity make them more resonant. Through the process of 
x articulation, muscles controlling the tongue, cheeks, and lips 
shape sounds into recognizable vowels and consonants. 
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Women have 
higher-pitched 
voices than men 





Vocal cords are 
pulled together 
to make sounds 


© HIGH AND LOW PITCH 
The tenser the vocal cords are, the closer they 
are, and the faster they vibrate, the higher 
the pitch of the sounds produced by the 
vocal cords. Men have longer, thicker 
vocal cords than women, and because 
those vocal cords vibrate more slowly, 
men tend to have lower-pitched 
voices than women. The loudness 
of someone's voice depends on 
the force with which air passes 
between the vocal cords—a 
little force for a whisper and 
a large force for a shout. 


` 
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Carrots are a rich 
source of vitamin A 


We eat food to get the nutrients that supply us with energy 

and the raw materials our bodies need for maintenance. Some 
nutrients we need in larger amounts, such as carbohydrates and 
fats for energy, and proteins for building materials. Vitamins 
and minerals are only needed in tiny amounts, but they are 

still essential. A balanced diet includes the right amounts 
and variety of foods and nutrients, as shown on this plate. 


@ FRUIT AND VEGETABLES 

Apples, mangoes, and other fruits contain 
water and vitamins, as well as sugars 
(simple carbohydrates) that provide a quick 
burst of energy. They also supply dietary 
fiber that we do not digest, but which 
makes our intestines work more efficiently. 
Vegetables, such as peppers and broccoli, 
are rich in vitamins and minerals, and also 
contain fiber. Brightly colored fruit and 
vegetables also contain antioxidants that 
help protect us from heart disease, cancers, 
and other illnesses. That is why we should 
eat at least five portions of fruit and 
vegetables every single day. 
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Ə STARCHY FOODS 

Foods such as rice, potatoes, and pasta are 
rich in starch. This complex carbohydrate 

is made of chains of sugar molecules, in 
this case glucose. During digestion, starch 
is gradually broken dovvn in the small 
intestine into glucose, the body's main 
source of energy. Glucose is then absorbed 
into the bloodstream so it can be used by 
the body's cells. As well as being important 
energy sources, starchy foods also provide 
fiber, and supply the body with iron, 
calcium, and some B vitamins. 


1 
| 


O WATER 

This clear liquid does not supply you with 
energy or any building materials. Yet it is 
essential for life. Water makes up more than 
50 percent of your body weight. It makes 
blood liquid and forms a big part of your 
cells’ cytoplasm, the jellylike material in 
which the chemical reactions that keep you 
alive take place. You get water from not just 
drinks but almost all foods, even dry ones. 


Bread contains lots of 
energy-rich starch 
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Water is constantly 










Fish is packed ; 


with protein 








Sweets are 
made from 
refined sugar 





Cheese is an 
excellent source 
of calcium 





lost by the body and 
needs replacing 


O FISH, MEAT, AND EGGS 

Meat, fish, shellfish, and eggs are all good 
sources of protein, as are nuts and tofu 
for vegetarians. It is recommended that 
red meat is eaten in moderation because 
it also contains saturated fat—a food that 
if eaten in excess can be harmful for 
health. However, oily fish, such as salmon, 
is rich in omega-3 (unsaturated) fatty 
acids that are beneficial to health. 

During digestion, proteins are broken 
down into amino acids that the body 
uses to build its own proteins. 


© SWEETS AND FATS 

These may be the most attractive food 
items on the plate, but they are best 
eaten occasionally and in small amounts. 
Both sweet and fatty foods are laden with 
calories. If eaten to excess and too often, 
the extra energy they supply may be 
surplus to requirements. It is then stored 
as fat, making a person put on weight. 


© DAIRY PRODUCTS 

Produced by cows, buffaloes, sheep, and 
goats, milk and other dairy products, 
such as cheese, butter, and yogurt, are 
rich sources of the mineral calcium. This 
is essential for healthy teeth and bones, 
and for other body activities, such as 
muscle contraction. Some also supply 
protein, although dairy products, such as 
butter and certain cheeses, are also high 
in saturated fat and should be eaten in 
small amounts. In some parts of the 
world, especially in Africa and Asia, 
many people are intolerant of dairy 
products and cannot eat them. 
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DIGESTION 


Hunger drives us to eat food several times a day to 

get hold of nutrients that supply us with energy and 
the raw materials for growth and repair. However, 
because nutrients are "locked up" inside food, it has to 
be broken down, or digested, to release them. That is 
the job of the digestive system. It breaks down food 
mechanically by crushing, grinding, or churning it. It 
also uses chemical digesters called enzymes to convert 
complex food molecules into simple nutrients, such as 
glucose, that can be absorbed into the bloodstream 


© DIGESTIVE SYSTEM 

The key part of the digestive system is a long tube, the alimentary 
canal, that runs down the middle of the body from mouth to anus. 
The different parts of the alimentary canal—the mouth, esophagus, 
stomach, small intestine, and colon (the main part of the large 
intestine)—work in sequence to process food efficiently in 

order to extract nutrients. 


© MOUTH 

When we eat, our front teeth bite into food and, aided by the lips, 
pull chunks into the mouth. As the tongue and cheeks move food 
between them, the back teeth crush it into a pulp. Saliva pours into 
the mouth to moisten the food particles. Once chewing is completed, 
the tongue molds food particles into a slimy ball, and this is pushed 
into the throat and swallowed. 


© STOMACH 

Linking the oesophagus to the small intestine, this J-shaped, 
expandable bag stores food to get digestion under way. Newly 
swallowed food is doused in highly acidic gastric juice that contains 
a protein-digesting enzyme, then churned by contractions of the 
stomach's muscular wall. The end result, after three to four hours, 
is a creamy liquid. This is released in small squirts through the 
pyloric sphincter, a ring of muscle that is usually tightly closed. 


O PANCREAS 
This long organ, shown here cut open, runs horizontally 
beneath the stomach and is connected to the duodenum, 
the first section of the small intestine. When 
part-digested food arrives from the stomach, 
the pancreas releases pancreatic juice into 
the duodenum. This juice contains enzymes 
that digest proteins, carbohydrates, and 
nucleic acids. Another enzyme digests 
fats, aided by bile, which is released 
by the gallbladder. 


Large and 
small intestines 
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@ LIVER 

A big, busy organ, the liver has one direct role in digestion. 
It produces bile, which is stored in the gallbladder and 
released into the duodenum. Bile turns fats and oils into 
tiny droplets that are much more rapidly attacked by 
fat-digesting enzymes. Once digestion is completed, the 
liver processes food-rich blood, ensuring that vital nutrients 
are stored or dispatched to where they are needed. 


O VILLI 

Inside the small intestine, digestion is completed and its 
products are absorbed. Its lining is carpeted with millions 

of tiny, finger-like projections called villi that provide a massive 
surface for both digestion and absorption. Attached to the 

villi are enzymes that finish off digestion to release glucose, 
amino acids, and other simple nutrients. These nutrients 

are absorbed into blood capillaries inside the villi. 





O FECES 
Watery, indigestible waste is all that remains after 
digestion. As waste passes along the colon, 

it is dried out as water is taken back into the 
bloodstream. At the same time, trillions z 
of colon bacteria feed on waste, 
color it brown, and release useful 
nutrients, such as vitamin K. 

The resulting lumps of waste, 
complete with their bacterial 
passengers, are called feces. 
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Esophagus 

carries food from 

mouth down to 
the stomach 






Blood capillaries 
inside villus 


Stomach has three = 
muscle layers 
à " ~ Gallbladder tucked 
behind liver 
Pyloric sphincter i . 2 
Gallbladder 
/ 4 | 1 stores bile 


Pancreatic duct 
carries pancreatic 
juice to duodenum 









m Opening of 


pancreatic and bile 
P ducts into duodenum 








LIVER 


The body's second biggest organ 
after the skin, the liver plays a vital 
role in "cleaning up" the blood 

to help regulate its composition. 

Its cells, organized in processing 
units called lobules, carry out more 
than 500 functions. In relation to 
digestion, their only direct role is 
to produce bile, but they also store, 
convert, or break down nutrients 
arriving from the small intestine. 
The liver also contains white 

blood cells that remove bacteria 
and debris from the blood. 

The combined activities of liver 
cells release heat that helps 

to keep the body warm. 





A © BLOOD VESSELS 
This image reveals the mass of blood 
vessels inside the liver. The liver is 
unusual in having two blood 
supplies. The hepatic portal vein 
(pale blue) carries oxygen-poor 
blood that is rich in nutrients 
from the small intestine, ready 
for processing by liver cells. 
The hepatic artery (red) 
delivers oxygen to liver 
cells. The yellow structure 
is the gallbladder that 
stores bile. 
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əx O LIVER CELLS 
Figs) These hard-working cells carry out the many functions of the liver 
“” , by processing blood as it flows past them. Liver cells deal with 
j e vi 7771 nutrients—including glucose, fats, and amino acids—absorbed 
fii ii ^ ` from the small intestine in order to regulate their levels in the 


Í j b 
” , a ° ° : A 5 
= .) Í y VA > % blood. They also store certain minerals and vitamins, make bile, 
Zi fi | f 
¡EY bi 


- ka w. break down hormones to stop them working, and remove 
- dh. : ~~ poisonous substances from the blood. 
uns 2 — ra - 


O LIVER LOBULES 

The liver's processing plants are its 

lobules, each no bigger than a sesame 

seed. A lobule contains vertical sheets of 

liver cells that radiate from a central vein. 

At the corners of lobules, branches of the 

hepatic vein deliver nutrient-rich blood, 

and branches of the hepatic artery 

deliver oxygen-rich blood. These mix and central vei collecte 
are processed by liver cells as they travel processed blood to be 
along wide capillaries to the central vein. returned to the heart 




























Lobule contains 
radiating layers 
of liver cells 





Branch of 
bile duct 





Branch of hepatic 
artery delivers 
oxygen-rich blood 


Branch of hepatic 
portal vein carries 
nutrient-rich blood 


O BILE 

This is the lining of the bile duct (green) that collects bile produced by 
liver cells and carries it for storage in the gallbladder and then to the small 
intestine. Bile is a yellow-green liquid that contains mainly water, but also bile 
salts, which help digest fats in the small intestine, and wastes, including the 
pigment bilirubin. Produced from the breakdown of hemoglobin from old red 
blood cells, bilirubin, once processed by gut bacteria, colors feces brown. 


WASTE DISPOSAL 


In order to work efficiently, it is vitally important for the body to maintain stable, 
unchanging conditions inside itself, especially in the bloodstream. The body's 
cells continually release potentially poisonous wastes into the blood. These 
poisons must not be allowed to accumulate and need to be disposed of. The 
urinary system plays a key role in maintaining stability by eliminating wastes 
and removing excess water and salts from the blood. Together, 


wastes, water, and salts are disposed of as urine. 
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Renal vein carries 
“cleaned” blood 


Kidney filters blood from kidney 


to produce urine 


Renal artery 
carries blood 
into kidney 


Ureter carries 
urine from kidney 
to bladder 





Pelvis of kidney 
channels urine 
into ureter 








A URINARY SYSTEM 

Two kidneys, two ureters, the bladder, and the urethra make 

up the urinary system. The kidneys filter blood that's received 
through the renal artery, to produce urine. Ureters carry urine to 


the bladder, where it is stored then released through the urethra. 


Each day, the kidneys process around 3,080 pints (1,750 liters) of 
blood to produce just 2.6 pints (1.5 liters) of urine. 
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URETER Y 
Each of these hollow tubes 


arises from the hollow pelvis 
of the kidney, which receives 
a constant flow of urine from 
the nephrons. The ureters 
carry that urine to the 
bladder. Their walls contain 


two layers of smooth muscle 
that contract rhythmically, 
creating downward waves of 
contraction to push urine 
toward the bladder. Similar 
waves of contraction push 
food down the esophagus 
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to the stomach. 


Pelvis of kidney 








Ureter connects 
kidney to bladder 





Cross section 
through ureter 
shows muscle layer 





A KIDNEYS 
Shown here in cross section, each kidney has a 
darker-colored outer region that contains one million 
filtration units, called nephrons. Fluid containing both 
wastes, such as urea, and useful substances, such as 
glucose, is filtered from the blood into a tubular 
nephron. As the fluid passes along the nephron, 
useful substances pass back into the blood, 

while unwanted wastes, water, and salts form 

urine, which dribbles into the kidney's pelvis. 





BLADDER Y 
ü This elastic bag expands from 
plum-sized to grapefruit-sized 


as it receives urine. The p= v BLADDER CONTROL 
bladder's exit to the . : 
urethra is Giyada Internal and external sphincter muscles guard 
041007 the exit from the bladder. As the bladder expands, 
by ringlike sphincter ə : a 
receptors in its vvall send signals to the spinal 
muscles. When the bladder E À : 
: cord, which tells the internal sphincter to relax. 
is full enough to make a a 
Messages sent to the brain make you feel the 
person feel the need to à : 
a i need to urinate and you can voluntarily relax your 
urinate, the sphincter : : A 
n ana external sphincter to release urine. Babies and 
i toddlers have to learn to control their external 


muscles In RE SS Vell sphincter. That's why they have to wear diapers. 
contract slowly and 


rhythmically to squeeze 
urine out of the body 
through the urethra. 





Bladder 


Diapers are essential 
because babies cannot 
control release of urine 
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M S v VIRUSES | 
i These tiriy, non-living packages cönsist 
of genetic instructions surrounded by a 
protective protein capsule-Once inside the 


Pathogens, or germs, are threats to our e ; 
ban Test are Or ins thee rotten body, viruses invade living cells in order to x< 
we e Š : reproduce. They inject their genetic material and hijack ` f 































to upset the normal workings of the body and the cell’s normal metabolism to create multiple copies wo Ee 
cause disease or illness. Such pathogens range of new viruses that, once released, invade other body f ` lo A 
from the tiniest viruses, through single-celled cells. This virus is HIV, which infects some of the body's = və r 
bacteria to more complex protists, and beyond PU Se MER ix body's defences and” gu. fi 
to fungi and bigger worms. What these Mr cono ae q O NE " 
organisms have in common is that they are i : < 
i= “all parasites, organisms that extract benefit f: 
from their host without giving anything back. 
: ~-They-are also the cause of a range of serious 
Br. 
E illnesses that can affect a person $ health. b 
ma A 
d j 
E - 
: k Capsule surrounds 
mn. (antigens) allow virus's genetic material 
virus to attach to, or Í 
break out of, host cells 
— 


< FLU VIRUS 


Viruses are identified by markers, or antigens, that project T 
from their surfaces. This flu virus, for example, has two "ud 
types of antigens. One type helps the virus attach to ə 
invade.cells in the upper part of the respiratory system. ` 
Those infected cells and the body's immune system ` 
respond by causing the inflammation, high temperature, KEN 
and other symptoms that are typical of flu. The other type * a 
of antigen helps the newly formed viruses escape from a 


~ 


* their host body cells. AE"... 


¿E 1 


nm» 






Y y BACTERIA 
ant life forms on Earth, bacteria are relatively simple, 
s. Some bacteria are pathogenic, including this 
cked up from contaminated water and causes 
the severe, sometimes fatal, diarrhea of cholera. Pathogenic 
bacteria trigger disease by attaching to body cells and 

releasing poisons called toxins. They cause 
diseases’such.as diphtheria, typhoid, and 


piagne Each bacteria reproduces by 
splitting into two separate bacteria. 


The most abund 
single-celled organism 
Vibrio cholerae, which is pi 


qr 


VVhiplike flagellum 
rotates to propel 
bacterium 
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> FUNGI 1 
Neither plants”hor animals, some 
fungi are pathogens that grovv in 
living tissues. This micrograph shows 
a fungus that feeds on skin flakes 
and causes ringworm, a disease 
That reduces red circles on the 
skin. Its branching filaments or =" y 
hyphae penetrate the skin and 
digest the host's cells. Similar 
fungi cause athlete's foot. 









1 "Teeth" secure hookworm 
. “to host's intestine 


and causes malaria. This tropical disease 
$ affects 500 million people, and kills over 
2 one million every year. , 


7) $ "attaches Giardia 
*to intestinal lining 





LUKES by, 
anes of flatworms found in UR y 
flukes are parasites, some causing . 
in humans. Schistosomiasis isa Ps 
disease affecting 200 million people p 
worldwide. It is picked up by swimming 
in water infested with fluke WER 
which burrow through the skin. 
schistosome flukes grow in iy 
surrounding the intestines or bla | : 
The male fluke encloses the em >. 1 

(below), and her eggs are passe . 
feces or urine. Those eggs also X 
tissue damage and weaken the body. 







- . 
< PROTISTS ğ 
These single-celled organisms, > 
bigger than bacteria, include lots of. 
free-living forms, such as amoeba, ..£ 
as well as some pathogens. Giardia® 
(left), for example, is picked up from + 
contaminated water and infects the 
intestines to cause severe diarrhea 
and sickness, Another protist, 
Plasmodium, is spread by mosquitoes 











































> Mi a re en s, tapeworms 
dex (nother parasitic relative of flatworm x a 
x e-inthe intestines. Here, lacking a digesti də 
system, they "soak up" nutrients. Each ek 
^ So r i - nli 
"E E. of a headlike ie ee ee 
ong. 
body, up to 33 ft (10 m) x 
on a Sis anchor the tapeworm p E. 
intestinal lining. The body consists o ə Er 
that produce eggs, Before detaching + al 
İ i ew hosts. 
through the anus in feteSiq,infect n 
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Ring of hooks secure 


eworm to its-Host 
Spores released from EN 


these Structures enable 
fungus to spread 
























<ROUNDWORM — 1⁄4 
Like their name suggests, roundworms' 
are cylindrical in shape. Some, such 
as hookworms and pinworms, are 
parasites in humans. Hookworms are - 
picked up by walking barefoot on Soil Es 
infected by their larvae. The larvae A 
penetrate the skin, migrate to the 
lungs, are coughed up and swallowed, 
and arrive in the intestine. Adult 
hookworms live in the small intestine 
to which they are attached by the 
worms hooklike “teeth.” Hookworms 
cause diarrhea and'pain as a result 
of their feeding on blood from the 


intestinal wall. 4 
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BARRIERS 


The threat to the body of invasion by 
pathogens is relentless. Pathogens, including 
bacteria, viruses, and fungi, can arrive in the 
air, in food or drink, or through direct contact. As a 
first line of defence, the body employs basic barriers 


to stop pathogens before they can get into the tissues or 
bloodstream and cause infection. These include physical 


barriers, such as the skin and the epithelium that lines 
passageways in the body, as well as chemicals such as 
in tears and stomach juice. Any invaders that do break 
through are mopped up by white blood cells. 


4 SKIN BACTERIA 














Unless it is cut, your skin presents a 
strong barrier to bacteria and other 
pathogens. However, there is also a 
rather unlikely defence force on the 
skin's surface. This is Acinetobacter 
baumanii, one of the many types 

of bacteria that live on the skin. 
Together, these bacteria form the 
skin's "flora/ a community of 
"friendly" microorganisms that 
between them prevent more 
harmful pathogens from settling and 
growing on the skin's surface. 





Y SALIVA 

Released continuously, saliva washes around 
the mouth, over the tongue, and around the 
teeth, helping to control bacteria and destroy 
pathogens that arrive in food and drink. Like 
tears, saliva contains antibodies that target 
pathogens, along with bacteria-killing 
lysozyme that, in the mouth, helps prevent 
tooth decay. Saliva also contains defensins, 
substances that kill bacteria in mouth cuts and 
summon white blood cells to tackle invaders. 





















< LINING CELLS 

This cross section through the 

small intestine shows column- 

shaped epithelial cells (brownish 

with a pink nucleus) in its lining 
packed together, without any gaps, to form 

a barrier that stops pathogens getting into 
underlying tissues or into the bloodstream. 
Similar epithelial linings are found in the other 
parts of the digestive system, as well as in the 
respiratory, urinary, and reproductive systems. 
These linings may also produce sticky mucus 
that traps and disables pathogens. 






v TEARS 

With every blink, tears naturally wash over 
the front of the eyeball, removing any dirt 
or debris as they do so. At the same time, 
they moisten this exposed part of the eye 
and stop it from drying out—dry eyes are 
red and painful and can invite infection 

by bacteria or viruses. Tears also contain 


lysozyme, an enzyme that damages bacteria 
and kills them, along with antibodies that 
target and disable specific pathogens. 




















The air we breathe carries particles 

of dust, pollen grains, bacteria, and 

viruses that would harm the lungs. To 

prevent that occurring, the lining of the 

nasal cavity, trachea (right), and other parts 

of the respiratory system secrete sticky mucus. 


morem 
» MUCUS = 


As breathed-in air swirls around, it deposits 
particles and pathogens into the mucus where 
they become stuck. Then tiny cilia move the 
dirty mucus to the throat, where it is swallowed 
and dealt with by the stomach (see above). 





> STOMACH ACID 
This microscopic view of the 
stomachs lining shows gastric pits, 
the openings to the glands that make 
and release gastric juice. A mix of 
enzymes and acid, gastric juice helps 
digest food. One of its key ingredients 
is hydrochloric acid, an acid that is 
so strong that, outside the body, it can 
strip paint. Inside the stomach, it makes 
conditions so harsh that few of the bacteria 
arriving in food and drink can survive. 


> COLON BACTERIA 

There are ten times as many bacteria in 
your colon—the longest part of the large 
intestine—than there are cells in your body. 
They form a community, the gut “flora,’and 
they feed on food we cannot digest. These 
"friendly" bacteria (pink) also create an 
environment that suppresses the growth 
of unwanted, pathogenic bacteria. 


> PHAGOCYTES 

The foot soldiers of the body’s immune system, 
phagocytes are white blood cells that travel 
through blood, lymph, and body tissues in search 
of invading pathogens. This macrophage (pink), 

a type of phagocyte, has tracked down bacteria 
(yellow) that it is about to engulf and destroy. 
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DEFENDERS 


The most sophisticated and powerful part of the 
body'simmune or defence system centers on white 
blood cells called lymphocytes. Found particularly 
in the lymphatic system, lymphocytes identify 
pathogens by their antigens, markers carried on 
their surfaces that identify them as foreign. There 
are two basic types of lymphocyte—T and B—that 
use different strategies to kill pathogens. Whatever 
the type, however, each lymphocyte only responds 
to one specific pathogen, and also retains a memory 
of its enemy. If itinvades again, it is quickly 
destroyed, giving us immunity to that disease. 
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SPARE PARTS 


During a lifetime, body parts become damaged 
through overuse, because of disease, or following an 
accident. In the past, a person would have to put up 
with such damage or might even die because of it. 
Today, however, modern medicine provides 
@)) many solutions in the form of spare parts to 
fix these body malfunctions. For example, 
worn out joints can be rebuilt and 
(uP replacement organs can be transplanted. 
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@ REPLACEMENT JOINTS 

Age and disease can damage bones and joints, but it 
is possible to repair such damage using replacement 
joints. This X ray of the hip shows an artificial joint 
between the femur (thigh bone) and pelvic girdle. 
The surgeon has replaced diseased bone with a 
prosthesis (blue) made of metal or plastic, the head 
of which fits into a new socket in the hip bone to 
form a replacement ball and socket joint. Other 
joints that can be replaced in a similar way include 
the knee and shoulder. 











m 


“ 


Ə ORGAN TRANSPLANTS 

In an operating theatre, a surgeon opens a bag containing a 
kidney very recently removed from someone who donated 
the organ. The kidney will now be transplanted into a 
patient whose own kidneys have failed. Once connected to 
the patient's blood supply, the transplanted kidney will filter 
the blood to remove water and wastes. There is always a risk 
that the patient's immune system will attack and reject the 
"foreign" organ from the other person, so the patient has to 
take drugs to suppress any immune response. Many other 
organs can be transplanted, including the liver and heart. 














O GROWING ORGANS 
Transplanting an organ with a replacement 
from another person runs the risk that the 
recipient's body might reject the "foreign" 
organ. An alternative solution is to grow a 
new, "non-foreign" organ in the laboratory 
from a patient's own cells. This bladder 
(pink) was grown around a mold before 
being transplanted into a patient. 


© ARTIFICIAL PACEMAKER 


O STEM CELLS 

These stem cells (pink and brown) are 
unspecialized, but have the ability to 
give rise to many types of specialized 
cells, such as nerve cells. It may be 
possible in the future to use stem cells 
to repair damaged or diseased tissue 
in patients. Stem cells would generate 
replacement cells to repair tissues. 


© COCHLEAR IMPLANT 


9 BIONIC LIMBS 

Artificial limbs have been used for many 
years, but modern technology has now 
made it possible to develop thought- 
controlled bionic limbs. This woman has 
a bionic arm wired to her chest muscles. 
When she thinks about moving the arm, 
hand, or fingers, instructions travel from 
her brain to her chest muscles. These 
then send signals to a tiny computer that 
tells her arm precisely how to move. 








The heart has a built-in, natural pacemaker that sets the 
rate at which it beats. In some people, this stops working 
properly and the heart beats too slowly or too irregularly. 
One solution is to use an artificial pacemaker. This X ray 
of the chest shows an artificial pacemaker, equipped with 
a long-life battery, implanted under the skin. It sends 
electrical impulses along a wire (yellow) to the heart. 


This surgically implanted device 

gives a sense of sound to people who would otherwise 
have little or no hearing because the inner parts of their 
ears do not function properly. An external microphone 
picks up sounds that are transmitted to an internal receiver, 
and this sends signals to the hearing part of the brain. 











Glossary 


ADOLESCENCE 

The period of transition between 
childhood and adulthood that 
occurs during the teenage years. 


AEROBIC RESPIRATION 
The release of energy from 
glucose and other fuels that 
takes place inside cells and 
requires oxygen. 


AMINO ACID 

One of a group of 20 chemicals 
that are the building blocks from 
which proteins are made. 


ANAEROBIC RESPIRATION 
The release of energy from 
glucose and other fuels that 
takes place inside cells and does 
not require oxygen. 


ANTIBODY 

A type of protein released 
by immune system cells that 
disables pathogens, such as 
bacteria, and marks them for 
destruction. 


ANTIGEN 

A marker on the surface of 
bacteria and other pathogens 
that is recognized as “foreign” 
by the immune system. 


AUTONOMIC NERVOUS 
SYSTEM (ANS) 

The part of the nervous system 
that automatically controls many 
body processes such as heart rate 
and changing pupil size. 


AXON 

A nerve fiber—the long filament 
that extends from a neuron's 

cell body and carries signals to 
another neuron or a muscle. 


BACTERIA 

A group of microorganisms, 
some of which cause diseases 
such as cholera. 


BILLION 


A number equal to one thousand 
million (1,000,000,000). 


BIONIC 

Describes an artificial body 
part that is usually electrically 
operated. 


CALCIUM 

A mineral that is used by the 
body to help build teeth and 
bones. 


CARBON DIOXIDE 

A gas that is the waste product 
of energy release in cells and is 
breathed out into the air. 


CARDIAC MUSCLE 


A type of muscle found only in 
the heart. 


CARTILAGE 

A tough, flexible connective 
tissue that covers the ends 
of bones in joints and helps 
support the body. 


CELL 

One of the 100 trillion 
microscopic living units from 
which the body is built. 


CENTRAL NERVOUS 
SYSTEM (CNS) 

The control center of the 
nervous system that consists of 
the brain and the spinal cord. 


CEREBRAL CORTEX 

The thin surface layer of the 
brain's cerebrum that processes 
information relating to 
thought, memory, the senses, 
and movement. 


CHROMOSOME 

One of 46 threadlike 
structures in a cell's nucleus. 
Chromosomes are made of 
DNA and contain genes. 


CILIA 

Microscopic, hairlike 
projections from certain body 
cells that beat back and forth 
to move materials, such as 
mucus and dust, across 

their surface. 


COLLAGEN 

A tough, fibrous protein that 
gives strength to connective 
tissues such as cartilage. 


CRANIUM 

The upper, domed part of 
the skull that surrounds and 
protects the brain. 


CYTOPLASM 

The jellylike liquid that fills a 

cell between the cell membrane 
and nucleus. 


DEOXYRIBONUCLEIC 
ACID (DNA) 

One of the long molecules found 
in the nucleus that contains the 
coded instructions to build and 
operate a cell. 


DIASTOLE 

The part of the heartbeat 
sequence when the chambers 
of the heart are relaxed. 


EMBRYO 

The name given to a developing 
baby between the time it arrives 
in the uterus until eight weeks 
after fertilization. 


ENDOSCOPE 
A viewing instrument used to 
look inside the body. 


ENERGY 

The capacity to perform work. 
It is essential to keep a cell 
functioning. 


ENZYME 

A type of protein that acts as 

a biological catalyst. Enzymes 
greatly accelerate the rate 

of chemical reactions inside 
and outside cells, such as the 
breakdown of food as it passes 
through the intestines. 


EVOLUTION 

The process by which living 
things change over time and 
that gives rise to new species. 


EXTENSOR 

A skeletal muscle that increases 
the angle of a joint, such as 
straightening the arm at the 
elbow. 


FETUS 

The name given to a developing 
baby from the ninth week after 
fertilization until its birth. 


FLEXOR 

A skeletal muscle that decreases 
the angle of a joint such as 
bending the arm at the elbow. 


FUNGI 

A group of living organisms, 
including mushrooms and 
molds, some of which cause 
disease in humans. 


GASTRIC 
Describes something relating 
to the stomach. 


GENE 

One of the 23,000 instructions 
contained within the DNA in a 
cell's nucleus. Genes control the 
production of proteins that build 
and operate a cell. 


GLAND 

A group of cells that produce 
substances that are released 
into or onto the body. 


GLUCOSE 

A simple type of sugar that 
circulates in the bloodstream 
and is the main energy source 
for the body’s cells. 


HAIR FOLLICLE 
A deep pit in the skin from 
which a hair grows. 


HELPERT CELL 
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human species, including 
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HORMONE 

A substance released by a gland 
into the bloodstream that acts a 
chemical messenger. Hormones 
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rate of body growth. 
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through agriculture. 
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LYMPH 

The excess liquid that is drained 
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LYMPHOCYTE 

Atype of white blood cell that 
plays a key part in the immune 
system. 


LYMPHOID 
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the lymph system. 
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MACROPHAGE 

Atype of large white blood 
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the immune system. 


MELANIN 
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METABOLIC RATE 

The rate at which energy is 
released by metabolism, the sum 
total of all the chemical processes 
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the body's cells. 


MICROGRAPH 
A photograph taken with the aid 
of a microscope. 


MICROORGANISM 
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bacterium, that can only be seen 
using a microscope. 
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thousand (1,000,000). 


MINERAL 

One of more than 20 chemicals, 
including iron and calcium, that 
are needed for good health and 
must be present in the diet. 


MITOCHONDRION 

One of several structures 

in a cell's cytoplasm that 
release energy. The plural of 
mitochondrion is mitochondria. 


MITOSIS 

A type of cell division that 
produces two identical cells. 
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and to replace damaged or 
worn-out cells. 


MOLECULE 

A group of atoms that are 
bonded together, such as the 
carbon, hydrogen, and oxygen 
atoms that form a glucose 
molecule. 


MOTOR NEURON 

A type of neuron that carries 
nerve impulses from the central 
nervous system to muscles and 
glands around the body. 


MUCUS 

A thick, slimy fluid that protects 
and lubricates the linings of 
the respiratory and digestive 
systems. 


MUSCLE 

A type of tissue that contracts, 
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NERVE IMPULSE 
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NEURON 

One of the billions of 
interconnected nerve cells that 
make up the nervous system. 
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ORGAN 

A body part, such as the kidney, 
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An individual living thing. 


OXYGEN 
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PATHOGEN 
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including bacteria, viruses, and 
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engulfs and destroys bacteria 
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A specialized nerve cell or the 
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a stimulus such as light, odor, 
sound, or touch. 


REFLEX 

A rapid, automatic, and 
unconscious response to a 
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RELAY NEURON 

A type of neuron that relays 
nerve impulses from one neuron 
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information. 
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translates the coded instructions 
in DNA to make proteins. 


SENSORY NEURON 

A type of neuron that carries 
nerve impulses from sensory 
receptors to the central nervous 
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SKELETAL MUSCLE 
A type of muscle that is attached 
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A type of muscle found in the 
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example, pushes urine out of 
the bladder. 


SPECIES 
A group of living things that can 
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produced by plants that, when 
eaten, is digested into glucose. 


STEM CELL 

An unspecialized cell that 
divides repeatedly, giving rise to 
specialized cells such as muscle 
or nerve cells. 
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The part of the heartbeat 
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connective tissue that connects 
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TISSUE 

A group of one type, or similar 
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A number equal to one million 
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VIRUS 

One of a group of infectious 
non-living agents that cause 
diseases such as flu and measles. 


VITAMIN 

One of over 13 substances, 
including vitamin D, that are 
needed in small amounts in the 
diet for normal body functioning. 








Index 


Bold page numbers refer to 
main entries 


A 


Achilles tendon 53 

Adam's apple 100 

adipose cells and tissue 12, 18 

adolescence 30 

adrenal glands 62, 82, 83, 84 

adrenaline 62, 83, 84, 85 

aerobic exercise 56, 57 

aerobic respiration 96 

aging 30 

AIDS 112 

alimentary canal 106 

alleles 39 

alternative therapies 121 

alveoli 85, 95, 96 

amino acids 14, 20, 103, 108 

amniotic fluid 36 

amygdala 84 

anaerobic exercise 96 

anaerobic respiration 56 

ancestors 10-11 

angiogram 22 

ankles 49 

antibodies 15, 37, 88, 114, 117, 
118,119 

antigens 112, 118 

antioxidants 102 

aorta 93 

arteries 22, 90, 91 

athlete's foot 28, 113 

ATP 96 

Australopithecus 10 

autonomic nervous system 51, 61, 
83, 84, 85, 93 

axons 62, 63, 66 


babies 20, 30, 34, 37, 42, 71, 111 
reflexes 66, 67 

backbone 42, 48 

bacteria 112, 11 
friendly 106, 114, 115 
immune system and 12, 89, 
104, 105, 108, 109, 118 
skin bacteria 28, 114 

Bajau people 9 

balance 76-77 

baldness 27 

ball-and-socket joints 48 

beards 26 

bile 106, 108, 109 

bilrubin 109 

bionic limbs 123 

birth 32, 36, 37, 43 

bladder 18, 19, 21,51, 60, 110, 
111, 123 

blastocyst 35 

blood 18, 20, 88-89, 108, 109, 110 

blood cells 44 
red 12, 15, 17, 45, 86, 89, 96 
white 12, 45, 89, 108, 109, 114, 
115,116,118 

blood clotting 88 

blood pressure 120 


blood vessels 18, 20, 22, 90, 91, 
93, 108 

body building 51 

body language 58-59 

body temperature 21, 24, 25 

bone marrow 13, 17, 44, 45 

bones 13, 18, 30, 44-45, 103 
see also skeleton 

brain 19, 22, 23, 46, 47, 64-65 
central nervous system 21, 60, 
61,62 
memory 68 
respiratory center 96, 99 
and senses 64, 65, 73, 74, 76, 
79,81 
and speech 64, 100, 101 

brain cells 40 

brain stem 64, 65, 93, 96, 99 

brain waves 70, 71 

breathing 61, 96, 98-99, 105 
lungs 94-95 

Broca's area 64, 101 

bronchi and bronchioles 85, 94, 95 


C 


calcium 44, 45, 83, 103 

cancer 30, 118, 121 

capillaries 89, 90, 91, 95, 96, 109, 
116 

carbohydrates 96, 102 

carbon dioxide 95, 96, 98, 99 

carpals 42, 55 

cartilage 18, 20, 42, 43, 48, 100 

cells 6, 12-13, 112 
division 16-17, 33, 35 
proteins 14-15 

central nervous system 60, 62 

cerebellum 60, 61, 64, 65, 76 

cerebral cortex 64, 65, 68, 69, 101 

cerebrum 61, 64, 69, 73 

cervix 32 

cheeks 104, 105, 106 

chewing 104, 105, 106 

chiggers 29 

children 20, 30, 39, 71 

chromosomes 14, 33, 34, 35, 38 
cell division 16, 17 

circulation 20, 88, 90-91 

cochlea 74 

cochlear implant 123 

collagen 15, 18, 44, 53 

colon bacteria 106, 115 

communication 58-59, 100 

conception 34 

connective tissue 15, 18 

cornea 72 

coughing 99 

cranium 46 

CT scans 22 

cytoplasm 12, 14, 16, 17, 96, 102 


D 


dairy products 103 
deltoid muscle 18, 50 
dendrites 62 

dentine 104 


dermis 24, 80, 81 

diaphragm 98 

diet 30, 51, 102-103 

digestion 20, 79, 85, 96, 102, 103, 
104, 106-107 

diseases 30, 102, 112, 113 
treatments 120-21 

DNA 14, 38 

doctors 120 

dreaming 71 

drugs 121, 122 

ductus deferens 32, 33 

duodenum 106, 107 


E 


eardrum 74 

ears 42, 74, 75, 76, 77 

eating 96 

echocardiogram 22 

EEG 70, 71 

egg, see ovum 

elastin 15 

elbow 48, 49, 53 

ellipsoidal joints 49, 54 

embryo 35, 36 

emergencies 84-85 

enamel 104 

endocrine system 20, 83 

endoscopy 22, 100 

energy 20, 21, 64, 94, 96-97, 102, 
103 

enzymes 15, 34, 105, 106, 115 

epidermis 17, 18, 24, 80, 81 

epiglottis 42, 104 

epithelium 13, 18, 114 

esophagus 105, 106, 111 

estrogen 83 

European people 9 

Eustachian tube 75 

exercise 30, 51, 56-57, 121 
respiration 61, 96, 98, 99 

exhalation 98 

eyebrows 26 

eyelash mites 28 

eyelashes 26 

eyes 72, 73, 77785, 115 


> 


facial bones 46, 47 

facial expressions 58-59 
fallopian tubes 32, 33, 34, 35 
families 30, 38, 39 

fat 12, 24, 45, 96, 103 

fats 102, 103, 106, 108, 109 
fear 59, 85 

feces 106, 109 

fertilization 13, 32, 33, 34-35, 38 
fetus 6, 23, 36-37, 43 

fiber from food 102 

fight or flight reaction 79, 84 
fingernails 25 

fingers 49, 54, 55,81 

first aid 120 

fish 103 

fitness 56 

fleas 28, 29 

flexibility 57 

flora 114, 115 

flu virus 112 

flukes 113 

food 20, 96, 102-103, 104, 105, 106 
foramina 47 


free nerve endings 81 
fruit 102 
fungi 28, 112, 113, 114 


G 


gallbladder 106, 107, 108, 109 
gas exchange 96 
gastric juice 106, 115 
genes 14, 38, 39, 120 
germs 112-13 
see also pathogens 
gestures 59 
glands 20, 62, 82, 83 
swollen 117 
glottis 100, 101 
glucose 20, 85, 96, 102, 106, 108 
goosebumps 25 
growth 20, 30, 83 
gums 104 


H 


hair 21, 26-27, 30 
color 27, 30 
follicles 24, 26, 27, 28 
straight or curly 27 
hands 54-55 
head lice 28, 29 
hearing 30, 64, 74-75, 123 
heart 20, 22, 92-93, 122, 123 
cardiac muscle 18, 50, 51, 92, 
93 
circulatory system 90, 91 
heartbeat 92 
heart rate 61, 85, 93 
heat 96, 108 
hemoglobin 12, 15, 88, 89 
hinge joints 48, 49, 54 
hippocampus 68, 69 
hips 48, 122 
HIV virus 112 
hominins 10, 11 
Homo erectus 11 
Homo ergaster 10 
Homo habilis 10 
Homo heidelbergensis 11 
Homo neanderthalensis 11 
Homo sapiens 11 
hormones 15, 20, 27, 30, 37, 51, 
82-83, 108 
humerus 18, 42, 44 
hunter-gatherers 8, 9 
hypothalamus 82, 83, 84 


illnesses 102, 112, 113, 120 

imagination 60 

imaging techniques 22-23 

immune system 12, 15, 21, 83, 
112,115, 118-19, 122 

immunization 119 

implantation 34, 35 

infants 30 

inhalation 98 

inheritance 38-39 

inner ear 76, 77 

insulation 8, 24 

insulin 83 

integumentary system 21 

intestines 17, 19, 20, 51, 106 

iris 73, 85 


JK 


jaw bones 46, 47 

jaw muscles 105 

joints 20, 30, 42, 48-49 
replacement 122 

keratin 15, 24, 25, 26 

kidneys 19, 21, 110, 111, 122 

killer T cells 118 

kinetic energy 96 

knees 49, 122 

knuckles 54 

Kupffer cells 109 


L 


lactic acid 96 

larynx 94, 100, 101 

leeches 29 

lens 72 

life story 30-31 

ligaments 18, 20, 48, 100 

limbic system 84 

lips 81, 101, 106 

liver 85, 106, 108-109, 122 

lungs 18, 85, 91, 94-95, 96, 98, 
115 

lymph nodes 116, 117 

lymph system 21, 116-17,118 

lymphocytes 12, 15, 21, 83, 89, 
116,117,118 


M 


macrophages 89, 109, 115, 116, 
117,119 
malaria 113 
mandible 46, 47 
meat 103 
medicine: spare parts 122-23 
treatments 120-21 
MEG scan 23 
Meissner's corpuscle 81 
melanin 24, 27 
melatonin 83 
membrane, cell 12, 15 
memory 60, 68-69, 70 
menopause 33 
menstrual cycle 33, 83 
Merkel's disks 81 
metabolism 15, 83 
metacarpals 42, 54, 55 
middle age 30 
minerals 102, 103, 108 
mites 28, 29 
mitochondria 51, 96 
mitosis 16-17, 35 
motion sickness 77 
motor cortex 64, 65, 76 
motor neurons 53, 60, 61, 62, 67 
mouth 100, 101, 104-105, 106 
movement 13, 18, 42, 48, 52-53, 
61,65, 96 
MRA and MRI scans 22 
mucus 79, 94, 114 
muscles 18, 21, 42, 50-51, 96 
antagonistic 53 
fibers 13, 18, 50, 51, 52 
muscle tone 67, 70 
muscular tissue 18 
names 50 
strength 56 
stretch reflexes 66, 67 
structure 52 


nails 21, 25 
nerve-muscle junctions 53 
nerves 13, 18, 19, 60, 63, 81 


nervous system 13, 21, 53, 60-61, 


62 
neurons 13, 19, 60, 62-63, 64 
nits 29 
nose 42, 78, 79, 94, 101, 115 
nucleus 12, 14, 34, 38 
nutrients 20, 102, 106, 108 


O 


olfactory nerves 79 
optic nerve 73 
organelles 12 
organs 12, 20, 42 
tissues 18-19, 50 
transplants 122, 123 
ossicles 74 
ossification 43 
osteoblasts and osteoclasts 45 
osteocytes 13, 44, 45 
ovaries 32, 33, 34, 83 
ovum 13, 32, 33, 34, 35 
oxygen 18, 21, 56, 57, 85, 96 
in bloodstream 12, 15, 86, 88, 
89, 90 
breathing 94, 95, 96, 98, 99 


P 


pacemaker 92, 93, 123 
Pacinian corpuscle 81 
pain 66, 78, 80 
pancreas 83, 106 
parasites 28-29, 112, 113 
pathogens 12, 15, 18, 89, 116, 
117, 120 
barriers 114-15 
defences 118-19 
germs 112-13 
pelvis 43 
penis 32 
periods 33 
PET scans 23 
phagocytes 115, 119 
phalanges 42, 54, 55 
physiotherapy 121 
pineal gland 83 
pituitary gland 82, 83 
pivot joints 48 
placenta 35 
plasma 88, 96 
platelets 88 
posture 59, 70, 76 
prefrontal cortex 64, 65 
pregnancy 34, 36-37 
progesterone 83 
protein 14-15, 51, 102, 103 
protists 112, 113 
puberty 30, 33 
pupil 73, 85 


R 


radionuclide 23 

radiotherapy 121 

reflexes 37, 65, 66-67, 73, 99, 
105 

relay neurons 63, 66 


REM sleep 70, 71 

reproduction 32-33, 83 
fertilization 34-35 

reproductive system 20, 32, 33 

respiration 96 


respiratory system 21, 94, 98-99, 


100,115 
retina 62, 72, 73 
ringworm 28, 113 
RNA 14 
roundworms 113 
Ruffini's corpuscle 81 


S 


saddle joints 49 
saliva 79, 104, 105, 106, 114 
salivary glands 104, 105 
San people 9 
scabies mites 29 
scalp 27 
sebaceous glands 26 
sebum 26 
semicircular canals 76 
senses 24, 60, 64, 65 
balance 76-77 
hearing 74-75 
taste and smell 78-79 
touch 80-81 
vision 72-73 
sensory cortex 64, 65, 76, 81 
sensory neurons 60, 62, 66 
sensory receptors 60, 62, 72, 76, 
77, 78, 79, 80, 81 
sex cells 13, 20, 32, 33 
sex hormones 27 
sexual intercourse 32 
short-term memory 68, 69 
shoulders 48, 49, 123 
sinuses 47 


skeletal muscles 13, 18, 21, 50, 51, 


52,53,65 
skeleton 20, 42-43, 50 
skin 18, 19, 21, 24-25, 30, 80, 85 
color 24 
flora 114 
parasites 28-29 
skull 42, 46-47, 48 
sleep 70-71, 83 
smell 78-79 
smooth muscles 50, 51, 111 
sneezing 79, 99 
speaking 100-101 
sperm 13, 32, 33, 34 
sphincter muscles 106, 111 
spinal cord 19, 21, 47, 60, 62, 
111 
and reflexes 65, 66, 67 
spleen 116, 117 
spots 28 
stamina 56 
starch 96, 102 
stem cells 6, 13, 123 
stomach 18, 19, 20, 22, 50, 106, 
107 
stomach acid 106, 114, 115 
strength 56 
stress 84 
stretch reflexes 66, 67 
sugars 96, 102 
sunlight 21, 24 
surgery 121, 123 
sutures 47 
swallowing 42, 104, 105, 106 
sweat glands 24, 25, 57 


swollen glands 117 
synapses 60, 63, 66 
synovial joints 48, 74 
systems 20-21 


T 


tapeworms 113 

taste 78-79 

taste buds 78, 79, 105 

tears 72, 114, 115 

teeth 47, 103, 104, 106, 114 

tendons 15, 18, 53, 55 

terminal hairs 26, 27 

testes 32, 33, 83 

testosterone 83 

throat 94, 100, 101, 105, 115 

thumbs 49, 54, 55 

thymus gland 83 

thyroid glands 83 

ticks 28, 29 

tissue 12, 18, 116 

toes 49 

tongue 78, 79, 101, 104, 105, 106 
rolling 39 

tonsils 116, 117 

touch 24, 77, 80-81 

trachea 94, 98, 99, 100, 115 

twins 39 


U 


ultrasound 22, 23, 37 
umbilical cord 36, 37 

ureter 110, 111 

urethra 32, 110, 111 

urinary system 21, 110-11 
urine 19, 21, 110, 111 

uterus 32, 33, 34, 35, 36, 51, 83 


V 


vagina 32, 33 

valves 90, 92, 116 

veins 90, 91 

vellus hairs 26 

vena cava 93 

vertebrae 42, 48 
vestibule 77 

villi 106 

viruses 21, 112, 114, 118 
vision 30, 65, 72-73 
visual cortex 64, 65, 73 
vitamins 24, 79, 102, 106, 108 
vocal cords 100, 101 


W 


waste products 20, 21 
urine 110-11 

water 102, 103 

water vapor 96 

withdrawal reflex 66, 67 

worms 112, 113 

wrist 49 


XYZ 


X rays 22 
yawning 70, 75 
zona pellucida 34 








Acknowledgments 


DK would like to thank: 
Balloon Art Studio for the cell-division balloons on pages 16-17; 
Chris Bernstein for preparing the index. 


The publisher would like to thank the following for their 
kind permission to reproduce their photographs: 


Key: a-above; b-below/bottom; c-center; f-far; I-left; 
r-right; t-top 


4 Science Photo Library: Steve Gschmeiss- 

ner (tl); David Mccarthy (tr). 5 Science Photo 
Library: Steve Gschmeissner (cl). 6-7 Science 
Photo Library: Steve Gschmeissner. 8 Getty Im- 
ages: Sue Flood (clb); Shuji Kobayashi (bl); Sergio 
Pitamitz (cr); Juan Silva (ca). 8-9 iStockphoto. 
com: UteHil (c). 9 Dreamstime.com: Akhilesh 
Sharma (bl). Getty Images: Jurgen Freund (crb); 
Image Source (cl); Ariadne Van Zandbergen (tc). 
iStockphoto.com: altaykaya (cr); eurobanks (br). 
10 Alamy Images: Encyclopaedia Britannica / 
Universal Images Group Limited (tr) (bc). iStock- 
photo.com: Hans Slegers (br/Ferns). Science 
Photo Library: Mauricio Anton (cl) (br). 10-11 
Getty Images: Panoramic Images (Background); 
Thinkstock (fern). iStockphoto.com: Dmitry 
Mordvintsev (c). 11 Alamy Images: Encyclopae- 
dia Britannica / Universal Images Group Limited 
(tl). Getty Images: The Bridgeman Art Library / 
Prehistoric (clb). The Natural History Museum, 
London: John Sibbick (ca) (crb). 12 Corbis: 
Science Photo Library/ Steve Gschmeissner (bl); 
Visuals Unlimited (clb) (cb). 13 Science Photo 
Library: (cr); Eye Of Science (br); Eric Grave (tc); 
Steve Gschmeissner (bc); David Mccarthy (bl); 
Professors P.M. Motta, P.M. Andrews, KR. Porter 
& J. Vial (cl). 14 Corbis: Image Source (fcra). 
iStockphoto.com: Kate Leigh (tr/button). 
Science Photo Library: JJP / Eurelios (cb); 
Pasieka (tc). 14-15 Dreamstime.com: Tanikewak 
(t/balls of wool). iStockphoto.com: Laura 
Eisenberg (t/needles); Magdalena Kucova (b/ 
tape); Tomograf (background). 15 Corbis: 
MedicalRF.com (fcl). iStockphoto.com: Kate 
Leigh (tl/button). Science Photo Library: Dr. 
Tony Brain (cl); Equinox Graphics (fcla); Pasieka 
(fcr). 17 Dorling Kindersley: Lindsey Stock (tr) 
(bl). 18 Corbis: Photo Quest Ltd/ Science Photo 
Library (cl). Science Photo Library: Eye Of 
Science (bc); Susumu Nishinaga (tc). 18-19 
Dorling Kindersley: Denoyer-Geppert (c). 19 
Science Photo Library: Steve Gschmeissner (br). 
20-21 Alamy Images: Eschcollection L 
(Background). 21 Science Photo Library: Steve 
Gschmeissner (tc). 22 Science Photo Library: 
(cb); David M. Martin, MD (tr); Mehau Kulyk (cra); 
Sovereign, ISM (bl) (cla); Zephyr (br). 23 Science 
Photo Library: GJLP (tl); Dr Najeeb Layyous (cr); 
Hank Morgan (c) (tr); Geoff Tompkinson (br); 
Zephyr (clb). 24 Corbis: Owen Franken (cra/ 
beach); Jack Hollingsworth / Blend Images (tc/ 
people); MedicalRF.com (c). Dreamstime.com: 
Marylooo (tr). iStockphoto.com: Lyudmyla 
Nesterenko (fcl). 24-25 Corbis: Lawrence 
Manning (background). 25 Corbis: Miles / Zefa 
(tc/hands) (ca/jar); Photodisc / Kutay Tanir (c). 
Getty Images: Photodisc / Thomas Northcut (cb/ 
jar) (fbr); Visuals Unlimited / Wolf Fahrenbach (cl). 
Science Photo Library: Martin Dohrn (cb/skin). 
26 Corbis: MedicalRF.com (br). iStockphoto. 
com: Jeff Chevrier (b/Hair on floor); Ronald N 
Hohenhaus (fbl); Kriando Design (cr); Sefaoncul 
(fcr); Studiovitra (c). Science Photo Library: 
Susumu Nishinaga (cl); Andrew Syred (bl). 26-27 
Alamy Images: Keith Van-Loen (bc). iStock- 
photo.com: Jerry Mcelroy (tc/Mirror); Alexey 
Stiop (b/Tiled floor); Xyno (tc/Frame). 27 Alamy 
Images: ClassicStock (ftr). Corbis: MedicalRF.com 
(c). Getty Images: Tay Jnr (tr); Ralf Nau (tc). 
iStockphoto.com: Hype Photography (cr); 
Bradley Mason (clb); Overprint (cl); Spiderbox 
Photography Inc. (cla). Science Photo Library: 
Gustoimages (tl). 28 Getty Images: Dr. David 
Phillips (cl). iStockphoto.com: 270770 (bl); L. 
Brinck (bc); Creative Shot (clb); Davincidig (fcl); 
Brian Pamphilon (fbl); Jon D. Patton (cla); Yuri 
Shirokov (crb); Vladimir (c). Science Photo 
Library: Martin Dohrn (fclb); Eye Of Science (cb); 
Steve Gschmeissner (br); Andrew Syred (clb/ 
Follicle mites). 28-29 Dreamstime.com: Robert 
Mizerek (bc). iStockphoto.com: Enjoy Industries 
(Passport stamps); D.J Gunner (cb). 29 Corbis: 
David Scharf/ Science Faction (cl). iStockphoto. 
com: Ever (br); Onceawitkin (clb/Immigration 
stamp); Yuri Shirokov (cb/Pink passport pages); 
Stokes Design Project (crb); J. Webb (cr). Science 
Photo Library: Eye Of Science (clb); K.H. Kjeldsen 
(cb); Photo Insolite Realite (fcl). 30-31 Corbis: 
Ariel Skelley (t). iStockphoto.com: Kirza (t/Photo 
frame); Christian J. Stewart (b). 31 iStockphoto. 
com: Petre Plesea (cr). 32-33 iStockphoto.com: 
Morton Photographic (Blackboard). 34 Getty 
Images: 3DClinic (tc/sperm); Steve Gschmeissner 
/ SPL (bo); Stone / Yorgos Nikas (cr). 34-35 


Corbis: MedicalRF.com (c). iStockphoto.com: 
Mark Evans (gender symbols). 35 Science Photo 
Library: Christian Darkin (tr); Hybrid Medical 
Animation (crb). 36 Science Photo Library: Dr 
M.A. Ansary (c); BSIP, Kretz Technik (tr); Dopamine 
(cla); Edelmann (tl) (bc). 36-37 Science Photo 
Library: Edelmann (bc). 37 Corbis: MedicalRF. 
com (cb). Getty Images: Christopher Furlong (tr/ 
Photo). iStockphoto.com: Archidea Photo (tr). 
Science Photo Library: Neil Bromhall (cl). 38 
Dreamstime.com: Newlight (bc); Picturephoto 
(ca) (bl). Getty Images: Scott E. Barbour (cr). 
Science Photo Library: Scott Camazine (cb). 39 
Dreamstime.com: Newlight (tc); Picturephoto 
(tl) (cl) (tr). Getty Images: Rebecca Emery (crb). 
iStockphoto.com: Jamesmcq24 (cr); Monkey 
Business Images (tl); Pamspix (bl). 40-41 Science 
Photo Library: David Mccarthy. 42 Corbis: 
Image Source (c); MedicalRF.com (br); Adrianna 
Williams (cr). 42-43 Getty Images: Photodisc / 
Siede Preis (t). istockphoto.com: Evgeny Kuklev. 
43 Dreamstime.com: Herrherrma... (r/book). 
iStockphoto.com: Kristian Sekulic (r/children). 
Science Photo Library: Scott Camazine (cl); 
Roger Harris (cra) (crb). 44 Dreamstime.com: 
Wd2007 (bc). iStockphoto.com: Graffizone (tl); 
Kelly McLaren (tr). Science Photo Library: 
Susumu Nishinaga (bl); Prof. P. Motta / Dept. Of 
Anatomy / University "La Sapienza’, Rome (ca); 
Andrew Syred (ftl). 44-45 iStockphoto.com: 
Andrew DeCrocker (background). 45 Corbis: 
Moodboard (bc); David Scharf / Science Faction 
(cr). iStockphoto.com: Leslie Elieff (tl); Heidijpix 
(ftr); Tempuraslightbulb (bl). Science Photo 
Library: Robert Becker / Custom Medical Stock 
Photo (ftl); Paul Gunning (cra). 46 Dorling 
Kindersley: The Natural History Museum, 
London. Dreamstime.com: Brad Calkins (fcl); 
Bruno Sinnah (cl). 47 Alamy Images: Encyclo- 
paedia Britannica / Universal Images Group 
Limited (cr). Corbis: MedicalRF.com (fcla) (cla); 
Norbert Schaefer (br). Dreamstime.com: Feng 
Yu / Devonyu (t). Getty Images: Photodisc / 
TRBfoto (clb); Visuals Unlimited / Ralph 
Hutchings (tl). 48 istockphoto.com: James 
McQuillan (ca). 48-49 iStockphoto.com: 
Selahattin Bayram (joints wood texture); Mike 
Clarke (t); Scubabartek (c/nails); Dave White (b). 
49 Corbis: Roger Tidman (cra). Dreamstime. 
com: Nikolai Sorokin (tl). iStockphoto.com: Tom 
Lewis (cla). 50 Corbis: Bettmann / Myron (bl); 
Photo Quest Ltd / Science Photo Library (br). 
Getty Images: The Bridgeman Art Library / 
Alessandro Algardi (cr). Science Photo Library: 
Prof. S. Cinti (fbr). 50-51 Dreamstime.com: 
Kevin Tietz. iStockphoto.com: Jochen Miksch 
(b). 51 Corbis: Jack Hollingsworth (I). Getty 
Images: AFP Photo / David Boily (tr). iStock- 
photo.com: DNY59 (cb) (br). Science Photo 
Library: Steve Gschmeissner (fbl). 52 Corbis: 
Photo Quest Ltd / Science Photo Library (tr) (tr/ 
screen). Dreamstime.com: Almir1968 (ca/ 
screen). 52-53 Alamy Images: Robert Stainforth. 
53 Corbis: MedicalRF.com (tc) (tc/screen) (tr/ 
screen). Dreamstime.com: Almir1968 (tl/screen). 
Science Photo Library: Don Fawcett (tl). 54 
Corbis: Alinari Archives / Andrea del Sarto / 
Fratelli Alinari (cr). Dreamstime.com: Cecilia Lim 
(br). iStockphoto.com: Bart Broek (ftr); Roberto 
A. Sanchez (l); Baris Simsek (bl). 54-55 
Dreamstime.com: Siloto (cb); Trentham (c). 
iStockphoto.com: Kristen Johansen; Wei Ti Ng 
(b). 55 Corbis: Visuals Unlimited (cl). Getty 
Images: Photographer's Choice / Frank Whitney 
(br). iStockphoto.com: Jan Rihak (br/pad); Baris 
Simsek (bl) (fbr); Wei Ti Ng (t). Science Photo 
Library: Roger Harris (tr) (tc). 56 Corbis: Jack 
Carroll / Icon SMI (bc); Duane Osborn / Somos 
Images (tr). Dreamstime.com: Aleksandar Ljesic 
(cr); Richard Mcguirk (bc/towels). iStockphoto. 
com: Chris Scredon (ca/masking tape). 56-57 
Dreamstime.com: Jon Helgason. 57 Dream- 
stime.com: Nikolai Sorokin (bl). Getty Images: 
The Image Bank / Terje Rakke (c); Jamie 
McDonald (tl); Stone / Mike Powell (bc). 
iStockphoto.com: DNY59 (t); Tjanze (c/bottle); 
TommL (fcra). 58 Getty Images: Marili Forastieri / 
Photodisc (cl); Jonathan Ford / The Image Bank 
(clb); Cary Wolinsky / Aurora (cr). 58-59 
Dreamstime.com: Jasenka (ca); Viktor Penner 
(b). Getty Images: Nick White / Digital Vision (bc) 
(c). 59 Corbis: Image100 (fclb); MedicalRF.com 
(clb). Getty Images: Aurelie and Morgan David / 
Cultura (c); Domino / Photodisc (fcrb). 60 Corbis: 
MedicalRF.com (tl). Science Photo Library: Steve 
Gschmeissner (clb). 60-61 Corbis: MedicalRF. 
com (t). Getty Images: Matt Cardy / Getty 
Images News. 61 Corbis: Brooke Fasani / Comet 
(tr); MedicalRF.com (c). Science Photo Library: 
BSIP, Chassenet (tc). 62 iStockphoto.com: 
DSGpro (fcl). Science Photo Library: Steve 
Gschmeissner (fcr); Manfred Kage (cr). 62-63 
iStockphoto.com: DSGpro (c); Rype Arts (Icons 
on screens). 63 iStockphoto.com: DSGpro (cr) 


(fcrb). Science Photo Library: David M. Phillips / 
The Population Council (fcl); Dr John Zajicek (cl); 
Eye Of Science (cra); Steve Gschmeissner (crb). 
64 Dreamstime.com: Picsfive (cl/paper). 
iStockphoto.com: Stefan Nielsen (br); PeJo29 
(b). 64-65 Barcroft Media Ltd.: Karen Norberg 
(c). 66 Corbis: Somos (tl); Visuals Unlimited (bl). 
Science Photo Library: Eye Of Science (c); Kent 
Wood (cb). 66-67 iStockphoto.com: Fotocrisis 
(Background). 67 Corbis: Ale Ventura / PhotoAlto 
(cb). Science Photo Library: BSIP Astier (br). 

68 Alamy Images: Third cross (cr) (bc) (I). Corbis: 
Duncan Smith / Comet (bc/cyclist). Dreamstime. 
com: Nikolay Okhitin (bl). Science Photo 
Library: Arthur Toga / UCLA (ca). 68-69 Alamy 
Images: Third cross (b) (c). Getty Images: Iconica 
/ Gazimal (t). 69 Corbis: Edith Held / Fancy (fcra); 
Image Source (fcrb); Stretch Photography / Blend 
Images (fcr). Dreamstime.com: Roman Borodaev 
(fcl); Melinda Fawver (cl); X2asompi (bl). Getty 
Images: Jeffrey Coolidge / Photodisc (ftr); Image 
Source (tl); Vera Storman / Riser (bl/big wheel). 
70 Alamy Images: Danny Bird (bc). Getty 
Images: The Image Bank / Jonathan Kirn (tr). 
iStockphoto.com: Miralex (tr/screen). Science 
Photo Library: BSIP VEM (tl). 71 Corbis: Allana 
Wesley White (bl). Getty Images: Halfdark 
(bl/screen); Photographer's Choice / Stephen 
Simpson (r). 72 Dreamstime.com: Rachwal (br/ 
lens case). Getty Images: 3D4Medical.com (clb); 
Brand X Pictures (tr); Laurence Monneret / Stone 
(cla); Photodisc / Thomas Northcut (fbr/glasses); 
Workbook Stock / Robert Llewellyn (cr). 
iStockphoto.com: Svetlana Larina (clb/frame); 
Dave White (cl/frame). 73 Getty Images: 
3D4Medical.com (br). iStockphoto.com: Marc 
Fischer (cr); Susan Trigg (tl/frame). Science Photo 
Library: Ralph Eagle (tl); Jacopin (bl); Omikron 
(cra). 74 Alamy Images: Frank Geisler / 
Medicalpicture (bc). Getty Images: Nucleus 
Medical Art, Inc. (tl). Science Photo Library: 
Steve Gschmeissner (c); Susumu Nishinaga (tr). 
74-75 Dreamstime.com: Hukonaú TpuropbeB / 
Grynold (c). 75 Corbis: Joe McDonald (br). 
Dreamstime.com: 001001 100dt (c). Getty 
Images: Image Source (tr). istockphoto.com: 
Mike Bentley (r). 76 Science Photo Library: Mark 
Miller (c). 76-77 Corbis: Bloomimage (c). 
iStockphoto.com: Stacey Newman (back- 
ground); Skip O'Donnell. 77 Science Photo 
Library: Eric Grave (c); Prof. P. Motta / Dept. Of 
Anatomy / University "La Sapienza", Rome (crb). 
78 Corbis: Steve Gschmeissner / Science Photo 
Library (ca); Moodboard (tc). Getty Images: 
Michael Blann / Digital Vision (tr); Photonica / 
David Zaitz (l). Science Photo Library: 
Anatomical Travelogue (cra); Prof. P. Motta / Dept. 
Of Anatomy / University "La Sapienza", Rome (bc) 
(cb). 78-79 Dreamstime.com: Podius (menu). 
79 Dreamstime.com: Peter Kim. iStockphoto. 
com: Marek Mnich (tc). 80 iStockphoto.com: 
Nickilford (bl). 81 Alamy Images: Frank Geisler / 
medicalpicture (bc). Corbis: Mario Castello / 
Fancy (cr). Getty Images: Tom Grill / Iconica (tr). 
Science Photo Library: Anatomical Travelogue 
(tc) (c) (ca) (cb). 82 Corbis: MedicalRF.com (cr). 
Getty Images: Nucleus Medical Art.com (tc). 
Science Photo Library: Roger Harris (bl); Zephyr 
(tl). 82-83 Dreamstime.com: Marinini (ripples); 
Mtr (test tubes). Science Photo Library: 
Anatomical Travelogue (b). 83 Getty Images: 
3D4Medical.com (tl). Science Photo Library: 
Anatomical Travelogue (cla) (cl). 84 Corbis: Jay 
Dickman (cra/roller coaster). Dreamstime.com: 
Jgroup (tr). iStockphoto.com: futureimage (br); 
Jeff Hower (tl); Paul Mckeown (bl). Science Photo 
Library: John Bavosi (cl); Roger Harris (bl/ 
kidneys) (cb). 84-85 iStockphoto.com: Dan 
Moore (background). 85 Corbis: Dr. Richard 
Kessel & Dr. Randy Kardon / Tissues & Organs / 
Visuals Unlimited (bl); MedicalRF.com (tl) (cl) (cla). 
Dreamstime.com: Gabor2100 (tr). iStockphoto. 
com: Jan Doddy (br). 86-87 Science Photo 
Library: Steve Gschmeissner. 88 Corbis: Dennis 
Kunkel Microscopy, Inc./Visuals Unlimited (br). 
iStockphoto.com: Kativ (ca). Science Photo 
Library: Animate4.Com (ca/haemoglobin). 
88-89 iStockphoto.com: Henrik Jonsson (red 
blood cells). 89 Corbis: Dennis Kunkel 
Microscopy, Inc./Visuals Unlimited (br). 90-91 
Alamy Images: Stuart Kelly. Science Photo 
Library: Pasieka (c). 92 Dreamstime.com: 
Grybaz (bc); Jezper (background); Picturephoto 
(c/tools). Getty Images: 3D4Medical.com (crb). 
92-93 Dreamstime.com: Frenta (fingerprints); 
Luminis (b). iStockphoto.com: Don Bayley. 93 
Alamy Images: Joachim Lomoth / medicalpic- 
ture (br). Corbis: JGI / Blend Images (fcl); Radius 
Images (cl). Getty Images: 3D4Medical.com (c); 
Car Culture (engine). 94 Corbis: MedicalRF.com 
(tr) (crb). iStockphoto.com: Robert Dant (cra). 
94-95 iStockphoto.com: Adventure_Photo; 
Nemanja Pesic (bag). 95 Corbis: MedicalRF.com 
(clb) (crb). iStockphoto.com: TommL (r/hands). 


96 Getty Images: Darryl Leniuk (crb); Bryn 
Lennon (tr); David Young-Wolff (br). 96-97 Getty 
Images: Tetra Images (background). 97 Corbis: 
Visuals Unlimited (b). Getty Images: Kennan 
Harvey (t). 98-99 iStockphoto.com: craftvision 
(background). 99 Corbis: JGI / Jamie Grill / Blend 
Images (cr); MedicalRF.com (tl). Getty Images: 
Michael Krasowitz (bc). 100 Getty Images: 
Purestock (tl). istockphoto.com: Graffizone (I) 
(clb) (crb). Science Photo Library: CNRI (bl); 
Sovereign, ISM (br). 100-101 Getty Images: 
Photographer's Choice / Peter Dazeley. 101 
Getty Images: Digital Vision (cr); Photodisc / 
Flashfilm (tr). iStockphoto.com: Graffizone (b); 
Geoffrey Holman (tc); Luminis (cra). Science 
Photo Library: CNRI (bl). 102-103 Dreamstime. 
com: Weknow (Table cloth). Science Photo 
Library: Maximilian Stock Ltd (c). 103 Alamy 
Images: Bon Appetit/ Feig (tc). 104 Dream- 
stime.com: Alexander Ivanov (tr); Monkey 
Business Images (cra). Science Photo Library: 
Mark Miller (br). 104-105 Alamy Images: 
CoverSpot (c/Inside mouth). Getty Images: 
Andersen Ross (tc). 105 Dreamstime.com: 
Nastya81 (tc); Stepan Popov (fbl); Jonathan 
Souza (bl). 106 Corbis: MedicalRF.com (bc). 
Getty Images: DK Stock / Christina Kennedy 
(crb). 106-107 Getty Images: UpperCut Images. 
107 Alamy Images: Paddy McGuinness (ca). 
Corbis: MedicalRF.com (cr). Dorling Kindersley: 
Denoyer-Geppert (br). 108 Dreamstime.com: 
Michael Flippo (bl); Pdtnc (clb); Photobunny (cr). 
Getty Images: Ralph Hutchings (tc). iStock- 
photo.com: Dial-a-view (br); MBPHOTO, INC. (tr). 
Science Photo Library: A. Dowsett, Health 
Protection Agency (cb). 108-109 iStockphoto. 
com: Spiderbox Photography Inc. (Background). 
109 Dreamstime.com: Photobunny (cl) (cr). 
iStockphoto.com: Shantell (tr); Steve Cash 
Photography (c). Science Photo Library: Steve 
Gschmeissner (clb); Prof. P. Motta / Dept. Of 
Anatomy / University "La Sapienza", Rome (crb). 
110 Science Photo Library: Brian Evans (clb); Bo 
Veisland (cl). 110-111 Getty Images: Nicholas 
Rigg (Glassware). 111 Getty Images: Camilla 
Sjodin (crb). Science Photo Library: Alain Pol, 
ISM (clb). 112 iStockphoto.com: Duckycards (tl) 
(bl) (br) (fbr) (ftr) (tr). Science Photo Library: 
BSIP, Cavallini James (cra); Eye Of Science (br); 
NIBSC (cl). 112-113 iStockphoto.com: DeGrie 
Photo Illustration (Background); Fidelio 
Photography. 113 iStockphoto.com: 
Duckycards (tr) (bc) (br). Science Photo Library: 
Dr. Tony Brain (tl); Eye Of Science (c) (cra); Power 
and Syred (fbr); David Scharf (bl). 114 Corbis: 
Clouds Hill Imaging Ltd. (cr). Dreamstime.com: 
Gummy231 (bl). iStockphoto.com: Arena 
Creative (fcl); Richard Laurence (ca); stevedesign. 
ca (cl); Xyno (cb/Barrier). Science Photo Library: 
Steve Gschmeissner (cb); Science Source (clb). 
114-115 Dreamstime.com: Timurd (t). 
iStockphoto.com: Xyno (c). 115 Corbis: Photo 
Quest Ltd/ Science Photo Library (tr). Dream- 
stime.com: Gummy231 (br). iStockphoto.com: 
Arena Creative (fcr); Richard Laurence (ca); 
stevedesign.ca (cr); Xyno (cb/Barrier). Science 
Photo Library: CNRI (cb); Steve Percival (cl); D. 
Phillips (crb); Professors P. Motta & F. Carpino / 
Univer- Sity "La Sapienza’, Rome (cr). 116 
National Cancer Institute / U.S. National 
Institute of Health / www.cancer.gov: (ca). 
116-117 Alamy Images: Stocklmages. 117 
Corbis: MedicalRF.com (fcr). Dreamstime.com: 
Karammiri (cr); Ari Sanjaya (br) (tr). Science 
Photo Library: CNRI (fbr); Dr. P. Marazzi (ftr). 118 
Corbis: David Scharf/ Science Faction (cla); Photo 
Quest Ltd / Science Photo Library (crb). Science 
Photo Library: Dr Andrejs Liepins (tr). 118-119 
iStockphoto.com: Lisa Valder Photography 
(Background). 119 Getty Images: Somos/Veer 
(cb). Science Photo Library: Juergen Berger 
(cra); Dr Tim Evans (tl). 120 Getty Images: Blue 
Jean Images (clb). iStockphoto.com: Juliya 
Shumskaya (tr). 121 Corbis: HBSS (cr). Getty 
Images: Wayne H Chasan (clb); Carlos de Andres 
(cl); UpperCut Images (br); Paul Taylor. 
iStockphoto.com: 350jb (tr). 122 iStockphoto. 
com: ShyMan (fcl). Press Association Images: 
Brian Walker/ AP (cr). Science Photo Library: 
Antonia Reeve (cl); Sovereign, ISM (ca). 122-123 
Getty Images: Adam Friedberg. iStockphoto. 
com: Dandanian (Boxes); Fckuen (Pallets). 123 
Dreamstime.com: Julián Rovagnati (fcrb). Getty 
Images: Kallista Images (clb). iStockphoto.com: 
GoodMood Photo (clb/Boxes). Reuters: Jason 
Reed (cr). Science Photo Library: James 
King-Holmes (cb); Professor Miodrag 

Stojkovic (cl) 


All other images © Dorling Kindersley 
For further information see: 
www.dkimages.com 


